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Abstract 
This study presents the results of a study on introduced giraffe diet and feeding effects 
within the Eastern Cape Province of South Africa. Five sites were selected over a moisture 
gradient from the mesic east to the arid west of the Eastern Cape to describe giraffe diet 
and provide baseline data for feeding effect experiments. At each site faecal samples were 
collected seasonally and diet composition determined by microhistological analysis. Plant 
species availability was measured using the point intersect method in order to compare 
plant availability to plant consumption to determine diet preferences. Giraffe diet across 
the sites showed a unimodal response to rainfall by utilising fewer species in drier areas 
where plant availability is low and increasing the number of species consumed as the 
rainfall increases. In higher rainfall areas, giraffe reduced the number of plant species fed 
upon because of the high availability of important species that reduces the need for a 
varied diet. Across all sites, plant availability was dominated by woody plant species (more 
than 90% at each site). A total of 57 plants species were recorded as being eaten across 
the five sites. Several PDI (Principle Diet Items) plant species (Acacia karroo, Schotia afra, 
Pappea capensis and Euclea undulata) were eaten across sites. Over all the sites, 
significantly preferred species were Asparagus striatus, Schotia latifolia, Asparagus 
suaveolens, Commelina benghalensis, Viscum rotundifolium, and Acacia cyclops. Acacia 
karroo, Schotia afra, Pappea capensis, Rhus crenata, A. tetracantha, and Grewia robusta 
were utilised in proportion to their availability. Euclea undulata, Rhus longispina and 
Putterlickia pyracantha were avoided. Feeding effects were tested by erecting exclosures 
around trees, covering one half of each tree. Ten trees were selected for these 
manipulative experiments which ran from September 2003 to February 2005. The number 
of branches, number of leaves, branch orders, branch diameter, branch length, leaf length 
and leaf width were measured for ten samples per side (enclosed vs. exposed) and 
analysed using a Wilcoxon matched pairs test and tested for effect size using Cohen’s d. 
Although no significant differences were detected between the sides measured, the effect 
size indicated differences in all measurements between sides ranging from low to 
moderate. Leaf length was greater on the outside of exclosures and showed a moderate 
difference between the sides in terms of the d-value with the p-value (0.059) tending 
towards significance. Although leaf width was higher on the inside of exclosures, it only 
showed a moderate difference for d with no statistical significance. Leaf area was higher 
on the inside of exclosures and tended to significance (p = 0.059) and similarly the d value 
indicated moderate differences between the sides in terms of effect size. Similarly branch 
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length was higher on the inside of exclosures although not significantly, the p-value (0.07) 
approached significance. The effect size for branch length also showed a moderate 
difference between the sides. The number of branches and the number of leaves showed 
no statistical differences between the sides although the p-value (0.059) for the number of 
branches, as well as number of leaves (p = 0.07) approached significance. For both these 
variables, effect size showed a moderate difference. Giraffe showed diversity in their diet 
selection across sites but mainly fed upon available species. Some preferred species were 
however less available and this preference could possibly result in increased pressure on 
the selected plant species Exclosure experiments showed no significant differences in leaf 
and shoot characteristics although all measurements showed differences in terms of effect 
size meriting further investigation. It is concluded that giraffe impact on sites may be 
reduced if populations are properly managed however, high densities of giraffe could lead 
to similar vegetation impacts as observed in other areas where giraffe have been 
introduced and potentially change vegetation structure and plant community composition.  
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1 Introduction 
An alien invasive organism is a species, subspecies, or lower taxon occurring 
outside of its natural range (past or present) and dispersal potential (i.e. outside the 
range it occupies naturally or could not occupy without direct or indirect introduction 
or care by humans) and includes any part, gametes or propagule of such species 
that might survive and subsequently reproduce (IUCN 2000). 
The majority of introduced organisms never become invasive, however, a few of 
these introductions are able to establish into self-maintaining populations that 
become difficult to control, and which may end up displacing indigenous 
populations. This could lead to extinction of indigenous species (Bergman et al. 
2002). Introduced species have been identified as a leading cause of extinction 
(Clavero & Garcia-Berthou 2005). 
Although invasions are of great concern, many species that are introduced struggle 
to establish in a new habitat (Williamson & Fitter 1996). For a variety of British plant 
and animal groups, a principle, termed the tens rule, could be applied to describe 
the extent of invasiveness. This rule states that 1 in every 10 imported species 
appears in the wild. Of these, 1 in 10 becomes established, of which 1 in 10 will 
become pests (Williamson & Fitter 1996).  Moyle and Light (1996) pointed out that 
very few invasions do lead to extinction, and drive their point home by way of the 
highly altered Sacramento-San Joaquin estuary where ~ 30 exotic fish species 
were the cause of only three extinctions – one of which was an exotic. 
Large mammals are often not considered to be invasive because they are easily 
located, and their numbers and distribution can be controlled by fencing, culling and 
capturing (Castley et al. 2001). Although large mammals are purposely introduced 
and managed for economic gain (Sims-Castley et al. 2004), their effect could pose 
problems for indigenous species because they are managed with the purpose of 
maintaining viable populations (Langholdtz & Kerley 2006). Furthermore, within the 
South African eco-tourism industry, many species are accepted to be “indigenous” 
because of their link to the African continent.  
Because of this active management of introduced species, they persist and the 
probability of displacing indigenous species, or destroying indigenous plant life and 
habitat are increased over time (Campbell & Donlan 2005). 
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Lodge and Shrader-Frechette (2003) discussed the dynamics around ecology, 
ethics and public policy of introductions, and concluded that the naturalness of an 
introduction does not indicate that a species will be any less damaging than others. 
Thus all potential introductions should be avoided to avoid species loss as a result 
of it.  
Species loss within habitats results in less complexity and diversity of natural areas 
and thus a loss of biodiversity. This loss of biodiversity may reduce the stability of 
these habitats, making the remaining communities more vulnerable to further 
invasions, disease or changes in climate that ultimately would lead to the loss of 
essential services provided by natural ecosystems (Naeem et al. 1994).  These 
eco-system services include processes such as production of oxygen, filtering of 
water, fixing of carbon and various others (Swift et al. 2004). Tilman and Downing 
(1994) showed that more diverse habitats are more stable in drought situations and 
also concluded that species loss will have increasingly negative impacts on 
ecosystem stability. Thus conservation efforts in recent years have shifted mainly to 
the conservation of biodiversity compared to ad hoc conservation of land and 
conservation of specific species that are considered rare or vulnerable (Margules & 
Pressey 2000). 
The emphasis on the conservation of biodiversity has resulted in an increased 
concern over extinction events due to the probability that extinction of species will 
ultimately result in the reduction of biodiversity which in turn will result in the 
extinction of the human race – as a worst case scenario (see Leaky 1996).  
Ecologists have attempted to calculate extinction rates in order to predict future 
concerns and extinction rates have been debated extensively (e.g. Mann 1991, 
Burgman et al. 1993, Heywood et al. 1994, Pimm et al. 1998, Frankham & Ralls 
1998, Regan et al. 2001). However heated the debate about the rate of extinction, 
there is a general consensus that the rate of extinction at present is greater than 
what it would be under natural conditions. The resultant effect of this elevated 
extinction rate is a loss of biodiversity which in turn threatens the stability of 
ecosystems that we rely on for our food production and environmental services, 
thereby increasing the strain on the world economy (Naeem et al. 1994, Wittenberg 
& Cock 2001).  
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With non-indigenous species having been identified as one of the major concerns in 
modern day extinctions (Mooney & Cleland 2001), the consequences of invasive or 
introduced species have been highlighted extensively (Donlan et al. 2005, Campbell 
& Donlan 2005, Clavero & Garcia-Berthou 2005). A solution however, is not 
universal because species impacts are often difficult to quantify (Caughley 1994, 
Kareiva 1996, Ewel et al. 1999, Castley et al. 2001). As a result, extreme proposals 
(e.g. poisoning of an entire lake system) to restore natural biodiversity of affected 
environments have been put forward to mitigate past impacts (Miniter 1999, Donlan 
et al. 2005). These may in fact cause further environmental damage. 
Introductions, which lead to habitat transformation, are mostly at the hands of 
humans and organisms are able to breach previously natural barriers (mountain 
ranges, rivers, and oceans) through human-mediated transport and deliberate 
introductions (Mooney & Cleland 2001). Deliberate introductions occur for a variety 
of reasons ranging from nostalgia, to economic gain (Ewel et al. 1999, Bergman et 
al. 2002). 
Plant species such as the strawberry guava (Psidium cattleianum), native to Brazil, 
turned invasive after introduction to Florida, Hawaii, tropical Polynesia, Norfolk 
Island and Mauritius as edible fruit. The strawberry guava forms thickets shading 
out indigenous trees and amplifies stress on native resources by providing feral pigs 
with favourable habitat and, in return, are being dispersed by the pigs (Lowe et al. 
2000), the result being the displacement of natural habitat, and loss of diversity.   
Feral goat populations on islands have been responsible for overgrazing of natural 
flora which has resulted in altered communities, extinction of plant species and an 
increase in erosion of the soil (Campbell & Donlan 2005). As a result, conservation 
of natural habitat depends of the continuous removal of feral goats at high costs or 
a reduction in biodiversity and erosion impacts if no action is taken. 
In order to grasp the attention of policy makers as well as the general public, the 
economic costs of invasions are often more effective than pleading the state of the 
environment or sentimental concerns. The much-publicised Great Lakes in the 
United States are littered with invasive aquatic species such as the zebra mussel 
(Dreissena polymorpha) and sea lamprey (Petromyzon marinus). In the Great 
Lakes alone the cost of treatment against zebra mussels are estimated to be 
approximately US$30 M/yr and US$15 M/yr for the sea lamprey. In New Zealand, 
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approximately NZ$10 million is spent annually in an attempt to control possums 
(Trichosurus vulpecula) and ameliorate their effect on conservation values 
(Sweetapple & Nugent 1998).  
Pimental et al. (2000) stated that the US is home to approximately 50 000 invasive 
species, including food crops, livestock and other ‘beneficial’ species. These 50 000 
species of non-native organisms are estimated to cost the US economy around 
US$137 Billion/Yr.  
However, even though it is thought that few species become invasive and cause 
extinctions, the phenomenon is established in modern ecosystems, and those few 
that do become established often wreak havoc on ecosystems (Mooney & Cleland 
2001). We cannot predict accurately which species will become pests in a particular 
environment and thus introductions, deliberate or accidental, should be limited if not 
avoided. Furthermore, it is imperative to understand how introduced species impact 
ecosystems before inevitable damage is done. This is the focus of this study. 
The introduction of giraffe to the Eastern Cape on the other hand, is not across 
significant geographical barriers. It can therefore be argued that, in contrast to these 
other introductions/invasions, giraffe occurring in the Eastern Cape are merely an 
extension of the species outside of its natural range. Hence the term extralimitel is 
more applicable to giraffe than exotic. 
The nature of the Eastern Cape properties where giraffe introductions are taking 
place, in terms of the landscape, are markedly different from areas that have been 
exposed to the full range of indigenous herbivores. This is especially notable in 
areas where elephant and black rhino have been present for prolonged periods. 
Thus the effect of giraffe on these areas that are similar to their natural ranges 
elsewhere in Africa will be different compared to instances where new species are 
introduced into totally different habitat. 
Giraffe are being introduced into areas of the Eastern Cape where similar plant and 
animal species occur as what are present in their natural ranges. Animals such as 
elephant, hippopotamus and black rhino are megaherbivores that also occur 
alongside giraffe in their ranges elsewhere. Other large mammals such as kudu, 
eland, buffalo and wildebeest as well as smaller mammals such as duiker and 
steenbuck also occur in giraffe ranges. These similar species are especially 
noteworthy because giraffe introduced into the Eastern Cape are mostly 
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translocated from the northern provinces of South Africa. Thus giraffe in the Eastern 
Cape merely steps into a similar niche, albeit in a different landscape.  
In previous studies on giraffe in extralimitel introductions, it was concluded that their 
diet were focussed on familiar plant species, e.g. similar genera and species to 
natural home ranges, in the Eastern Cape (Parker et al. 2003, Parker & Bernard 
2004, 2005, Parker 2005) as well as in the Free State (Theron 2005).This study 
expands on the diet of giraffe within the Eastern Cape and explores the potential 
feeding effects that may result from their introduction. 
1.1 Aim of the Study 
Animals are being introduced onto game farms and private reserves in the Eastern 
Cape to improve the visual quality and tourist experience for especially overseas 
tourists (Castley et al. 2001). The major question arising from this is what is the 
effect on the landscape and the associated biodiversity?  
At first thought the introduction of herbivores might not be significant due to the fact 
that game farms make up only a small portion of rural land use in the Eastern Cape. 
However, the numbers of game farms is rising steeply due to the increased 
economic benefits compared to traditional farming practices (Langholz & Kerley 
2006). In order to improve visibility of animals, they are often left to propagate 
without interference and introduced species are flourishing in many areas due to the 
lack of predators and competition. Furthermore, introduced species are actively 
managed to protect the economic investment made in them.  
For this study, the giraffe (Giraffa camelopardalis) was selected as the focal animal 
due to their large body size, specific and unusual feeding mechanism (stripping of 
leaves from branches), their ability to feed at heights above other herbivores 
(excluding elephants) and the fact that they did not occur historically in the Eastern 
Cape (Skead 2007). Their adaptability and ability to make use of small areas have 
led to their introduction to smaller areas and their increased availability at game 
auctions has led to a large number of game farms owning giraffe.  
The aim of this study was to describe the diet of the giraffe populations across a 
moisture gradient in order to identify plant species at risk through herbivory by 
introduced giraffe. Furthermore, the aim was to investigate the effect these animals 
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have on specific plant species in order to draw conclusions about the threat, if any, 
they pose to vegetation communities. 
1.2 Key Questions 
1. What plant species are eaten by giraffe across five sites representing a 
moisture (rainfall) gradient? 
2. Which of the principal diet items are preferred by giraffe across the moisture 
gradient? 
3. What is the feeding effect on selected principal diet species? 
The research approach adopted was to describe the diet at the five sites and 
compare it with plant availability (Chapter 3). The impact of giraffe on specific plant 
species was determined through replicated exclosure experiments at two sites 
(Chapter 4). 
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2 Giraffe Ecology and Study Sites 
This chapter provides background information about the ecology of giraffe reported 
in previous studies around Africa, and provides background information of the study 
sites. 
2.1 Giraffe Ecology 
Due to their large size, giraffe are classified as mega-herbivores (animals 
exceeding 1000 kg) (Owen-Smith 1988) and are capable of escaping competition 
with other herbivores (Cameron & Du Toit 2007). Bulls weigh approximately 1200 
kg and females weigh on average 800 to 900 kg, although some females may 
exceed 1000 kg. Males are able to reach heights of up to 5.5 m and females stand 
approximately 4.5 m tall (Owen-Smith 1988, Skinner & Chimimba 2006). This 
enables giraffe to reach browse that is unavailable to other similar browsers as it is 
the tallest mammal alive today (Sasaki et al. 2001). Only elephant are able to reach 
greater heights, however, elephant feeding mechanisms (Baxter & Getz 2005) and 
that of giraffe (Sasaki et al. 2001) are vastly different. 
2.1.1 Distribution 
Historically, giraffe occurred throughout the grassland and savannah areas of Africa 
but the species distribution has slowly become more limited during the last century 
due to removal of habitat and urban expansion (Dagg & Foster 1976). Fennesey et 
al. (2003) described fluctuating numbers recorded by several observers over a span 
of approximately 70 years, perhaps indicating the giraffe’s ability to travel great 
distances as described by Du Toit (1990a) and Le Pendu et al. (2000). Their 
historically wide distribution is an indicator of their ability to adapt and has most 
likely given rise to the large number of subspecies (Dagg & Foster 1976) 
recognised today due to geographic isolation of the populations. It is this capability 
of adapting to new environments that may result in impacts to vegetation such as 
thicket in the Eastern Cape where introductions have occurred. 
Within southern Africa, populations of giraffe are widely distributed through 
savannah in the northern parts of South Africa, Namibia, Botswana, Mozambique 
and Angola (Dagg & Foster 1976, Skinner & Chimimba 2006). Skead (2007) stated 
that giraffe were abundant in areas north of the Orange River. They are 
commonplace in savannah and open grassland areas, however, giraffe occurring in 
areas outside of the Kruger National Park in South Africa are most likely re-
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introductions after they became locally extinct (Owen-Smith 1988). No records of 
giraffe occurrence in the Eastern Cape and east of the Pongola River exist (Skead 
2007) and this is most probably due to the geographical barrier posed by this river 
and the thickets of Natal. However this idea is untested. 
Today giraffe have been introduced to several private game farms within the 
Eastern Cape for the purposes of eco-tourism (Castley et al. 2001). Kariega Park, 
Shamwari Game Reserve, Riverbend Conservancy, Monteaux Game Farm and 
Timbila-Bhejane Game farm are all sites at which introductions of giraffe have taken 
place, representing a wide variety of habitats. The South African National Parks’ 
(SANParks) policy to only introduce (or re-introduce) species that can be proven to 
have a historical distribution in the park or area of concern, in order to maintain 
areas in their natural state (Bernard & Parker 2006), has meant that they have not 
been introduced into Eastern Cape national parks. 
2.1.2 Social Structure and Spatial Use 
Giraffe tend to form loosely associated herds (Bercovitch 2004). The distances 
between animals within a herd may be quite large such that a distance of less than 
1 km is regarded by some observers to be individuals that are part of the same 
group (Owen-Smith 1988, Le Pendu et al. 2000). Their social organisation tends to 
be a function of the food availability, and the movement of giraffes to obtain it (Le 
Hall-Martin 1974, Le Pendu et al. 2000). Calving takes place throughout the year 
(Pellew 1984a, Bercovitch 2004) although peaks occur in the early wet season and 
the first half of the dry season in east Africa (Pellew 1984a). Females and calves 
herd together and female home ranges often overlap. Males sometimes join female 
groups, although all male groups are sometimes temporarily formed (Owen-Smith 
1988).  
Le Pendu (2000) described a population of free ranging giraffe in West Africa 
consisting of 63 individuals from the Sahelian region of Niger. This population 
utilised a home range of 46.6 km2 in the wet season compared to a range of 90.7 
km2 in the dry season. Du Toit (1990a) however recorded a home range of 282 km2 
in lowveld giraffe (G. c. giraffa) in the Northern Transvaal (Northern Province).  
Many Eastern Cape reserves, where introductions have taken place, are much 
smaller than the lowest home ranges recorded for giraffe. The concentrated feeding 
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of giraffe in smaller areas may pose problems for readily accessible vegetation in 
these reserves.  
2.1.3 Sexual Segregation 
Ginnett & Demment (1999) found that giraffe males and females tend to segregate 
in terms of different habitat preferences within landscapes and partitioning of 
feeding areas within habitats. Not only do males and females prefer different 
habitats, but in overlapping habitats, males tend to feed at higher levels than 
females do, and females tend to feed more on herbaceous material than males do 
(Du Toit 1990b). Sexual segregation is not a phenomenon restricted to giraffe as 
the occurrence has been observed in other ungulate species (Ruckstuhl & Neuhaus 
1999).  
Thus if giraffe were forced to feed at lower levels, the potential for interference 
competition between it and smaller browsers could lead to displacement, or 
amplified effects on the vegetation. Giraffe females tend to feed at lower heights 
and more herbaceous matter that would be unavailable for indigenous herbivores in 
the event that large numbers of giraffe are concentrated in small areas (Cameron & 
Du Toit 2007).  
2.1.4 Feeding 
Although giraffe continue feeding throughout the day due to their large body size 
(Du Toit & Yetman 2005), they show a tendency to avoid or reduce feeding activity 
during the warmest part of the day (Owen-Smith 1988). Preferred feeding times are 
the 3 hours past dusk and before dawn, although males and females tend to differ 
in preferred feeding times (Owen-Smith 1988).  
The tongue of the giraffe is a key to its feeding and also sets it apart from 
indigenous mammals occurring within the Eastern Cape that tend to bite off shoots, 
twigs and branches (Wilson & Kerley 2003). Giraffe have a long muscular tongue 
and prehensile upper lip (Vaughan et al. 1999), used for stripping leaves off 
branches, and the upper incisors are lost, with the lower canines splayed out into 
lobes that allows it to comb the leaves off twigs (Sasaki et al. 2001). It is a true 
ruminant with typical browsing dentition (Owen-Smith 1988) and the tongue is 
flexible and can be folded around twigs. A jerk of the head is then implemented to 
strip the twig of all leaves, bark and petioles (Sauer et al. 1977). 
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Giraffe are known to change their plant utilisation in response to seasons (Hall-
Martin 1974, Hall-Martin & Basson 1975, Sauer et al. 1977, Le Pendu et al. 2000). 
During the wet season, deciduous trees can form a major part of the diet, although 
evergreen species are utilised in the dry season (Sauer et al. 1977).  
Giraffe favour flowers, fruits and pods when they are available, and females tend to 
consume more herbaceous matter than males (Du Toit 1990b). Unhardened shoots 
of Acacias are selected for and the stripping of branches increases shoot 
production (Du Toit 1990a). Feeding height seems to vary between populations, as 
well as between sexes (Owen-Smith 1988), although Woolnough and Du Toit 
(2001) indicated that giraffe could be displaced vertically by competition with 
species that feed selectively at lower heights. In Kwazulu-Natal, giraffe have been 
found to be the cause of local extinctions of Acacias due to increased feeding 
pressure on these trees (Bond & Loffell 2001). Cameron and Du Toit (2007) 
showed that giraffe feeding height is a form of resource partitioning in that they can 
feed above other browsers. 
Giraffe in the Serengeti have been found to feed mainly on trees and shrubs 
although herbs, climbers and vines may also form part of the diet. The bulk of this 
ingested material consists of shoot tips and leaf stems and there are some 
indications that giraffe exhibit a preference for plant material with high phosphorous 
content in the wet season (Pellew 1984b).  
Within the Eastern Cape, Parker (2005) recorded large proportions of Acacia karroo 
and Rhus longispina in the diet of giraffe at Shamwari Game Reserve. He also 
recorded a seasonal shift away from A. karroo during winter months which was 
attributed to the deciduous nature of this tree species.  Similarly Theron (2005) 
found A. karroo to be the most important species in giraffe diet in the Free State. 
Parker (2005) further noted that although the plants consumed by giraffe in the 
Eastern Cape differ at a species level, genera consumed were similar to those 
utilised in the lowveld of South Africa where giraffe are indigenous. Two of Parker’s 
(2005) study sites, Shamwari Game Reserve and Kariega Park, formed part of this 
study. 
2.2 Study Sites 
Study sites were selected across an east-west moisture (rainfall) gradient (Figure 
2-1, Table 2-1) in the Eastern Cape. Five sites were selected that support giraffe 
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populations ranging from the more mesic eastern areas receiving up to 800 mm of 
rain per year, to areas in the west receiving 200 mm or less per year (DWAF 1999) 
in order to determine the diet across the Eastern Cape as well as to detect 
differences in plant species fed upon across the rainfall gradient. These sites also 
support a broad diversity of indigenous and introduced herbivores (Table 2-2).  
These sites were Kariega Park Game Reserve located approximately 50 km from 
Grahamstown, Shamwari Game Reserve located near Patterson, Riverbend 
Conservancy located near Addo, Monteaux Game Farm located approximately 10 
km outside of Steytlerville and Timibla-Bejhane Game Reserve located near 
Willowmore (Figure 2-1).  
In order to describe the climate of each site, temperature and precipitation data was 
obtained from WeatherSA for the weather stations located closest to each study 
site. Weather data for Addo and Steytlerville were only available from 2005 to 2007. 
The Patterson weather station had rainfall data for the period 1992 to 2007 but no 
temperature data were available. Grahamstown and Willowmore (located at the 
extreme east and west of the study sites respectively) temperature and rainfall data 
were available from 1990 to 2007.  
Table 2-1: Summary of the main characteristics of each site indicating the site 
codes used in this document.  
Site  
Name 
Site 
Code 
Closest  
Town 
No 
Giraffe 
Size 
(Ha) 
Rainfall 
(mm) 
Vegetation  
Unit 
Vegetation 
Structure 
Kariega KA Kenton-on-Sea 20 2 500 531 Kowie Thicket Closed 
Shamwari SH Patterson 20 18 000 320 Kowie Thicket Busch Clumps 
Riverbend RB Addo 15 400 397 Sundays Thicket Bush Clumps 
Monteaux MO Steytlerville 5 4 000 250 Gamtoos Thicket Open 
Timbila TI Willowmore 4 2 000 199 Groot Thicket Bush Clumps 
2.2.1 Kariega Game Reserve 
Location 
Kariega Park Game Reserve is situated 14 km west of Kenton-On-Sea on the R343 
which connects the towns of Salem and Kenton-on-Sea (Figure 2-1). The property 
is approximately 2500 ha in size and the site caters exclusively for ecotourism. It is 
the eastern most of the five study sites and the entrance to the site on the R343 is 
located at E26° 36’ 13.76” and S33° 34’ 46.47”. The site has approximately 15 
giraffe and the number increased over the study period by 6 individuals 
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Figure 2-1: Earthsat image of the Eastern Cape indicating site localities and topography of the region. Arid areas show up in 
brown colouration and become greener in more mesic areas (EarthSat NaturalView 1998). 
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Rainfall 
The site receives rainfall throughout the year (Figure 2-2). The majority of rainfall 
occurs in early autumn and late spring to early summer. Yearly rainfall recorded at 
the Grahamstown weather station indicates that the area receives an average of 
537 mm of rain per year, with a dry period during summer. Humidity in the area is 
often high due to the proximity to the coast. 
Temperature ranges are mild although extremes may occur occasionally. Average 
temperature during the winter months are in the low teens, with temperatures rising 
to an average in the low to mid 20ºC during summer months.  
 
 
Figure 2-2: Average monthly rainfall (histogram) and temperature (line) for the 
Grahamstown weather station for the period 1990 to 2007 representing 
Kariega Park. 
Geology 
Geology on the site varies due to the topography and the river basin where alluvial 
deposits predominate. The site is underlain by Quaternary bedrock from the Algoa 
group. The higher lying areas comprise of the Nanaga formations with the Kirkwood 
and Salnova formation becoming more prevalent in the lower lying areas. The 
Kariega River runs through the site north of the Salem Road (SA Geoscience 
2000).  
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Vegetation 
The site is located within the Kowie thicket vegetation unit that falls within the 
Albany thicket biome (Figure 2-3) as described by Mucina and Rutherford (2006). 
Kowie thicket is concentrated mainly in the Eastern parts of the Eastern Cape along 
the river valleys of the Bushmans, Kariega, Kowie, Kleinemonde and Kap Rivers.  
It occurs mainly on steep and north-facing slopes and is tall with a high proportion 
of succulent euphorbias and aloes.  The understory is thick and comprises thorny 
shrubs, lianas and succulents. Moister south-facing slopes are dominated by lower 
growing evergreen trees and shrubs.  
The conservation status is “least threatened” and Kowie thicket is not very well 
conserved. Only 5% of this vegetation unit is conserved in statutory reserves 
compared to 14% conserved in various private reserves. It forms the core of the 
Albany Thicket Biome and is considered the major floristic node of the Albany 
Centre of Endemism (Mucina & Rutherford 2006). 
 
Figure 2-3: Kariega Park Game Reserve vegetation units, as described by 
Mucina and Rutherford (2006).  
Much of the site still consists of dense stands of Kowie thicket although some areas 
have been transformed into grassy stretches as a result of past farming practices. 
The site was previously used for farming and has recently been expanded and 
stocked with various game species. The study area used for this study was isolated 
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from the new expansion included a variety of herbivores including white rhino, 
eland, nyala, impala and blesbuck. 
2.2.2 Shamwari Game Reserve 
Location 
Shamwari Game Reserve is located approximately 10 km east of the town of 
Patterson (Figure 2-1). The reserve is exclusively used for eco-tourism and the 
entrance is located (E26° 02’ 06.16” and S33° 26’ 43.28”) along the R342 which 
links the N2 national road with the town of Patterson. The reserve is approximately 
18 000 ha in size and has between 15 and 20 giraffe present on the site with a 
similar growth rate as observed at Kariega Park. 
Rainfall  
Rainfall (Figure 2-4) in the area (measured at the Patterson weather station) is 
approximately 320 mm per year and due to the large size of Shamwari and 
topographical differences, rainfall is generally slightly higher in the northern parts of 
the reserve compared to the south (John O’Brien, Pers. Comm., Manager 
Shamwari Game Reserve, Patterson).  
Only rainfall data was available for the Patterson weather station and only for the 
period from 2005 to mid 2007. Rainfall as recorded by the Patterson station for the 
period showed an increase in rainfall from winter to mid-summer. The rainfall 
pattern resembles that of Grahamstown in that a second rainfall peak occurs during 
the autumn months. Rainfall in the area is greatest during the summer months 
although the site receives rainfall all year round. 
Geology 
Geologically the site is underlain predominantly by the Nanaga and Kirkwood 
formations. The lithology of the site comprises calcareous sandstone, shelly 
limestone and conglomerate in higher lying areas and reddish and greenish 
mudstone in the lower lying and riverine areas (SA Geoscience 2000).  
Vegetation 
Similar to Kariega Park, the site is located within the Kowie thicket vegetation unit 
(Figure 2-5) that falls within the Albany thicket biome as described by Mucina and 
Rutherford (2006). Most of the site is in good condition with large stands of intact 
thicket. However, as part of the expansion of Shamwari, farms have been bought 
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and included in the reserve, leading to the inclusion of several areas with disturbed 
thicket. 
 
Figure 2-4: Rainfall pattern at Patterson from 2005 to 2007 representing 
Shamwari. Temperature data was not available from this weather station.  
 
Figure 2-5: Shamwari Game Reserve Vegetation units, as described by 
Mucina and Rutherford (2006).  
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These disturbed areas have however allowed the reserve to diversify in the way the 
park is stocked with animals. The area incorporates a range of topography from 
valleys and hills to large “plains” which has given it a more open appearance and 
has resulted in lower growing vegetation in many areas.  
The site is the largest of the study sites and has been in operation for approximately 
20 years as an eco-tourism industry. Through its existence several past stock 
farming areas have been incorporated into the park. Shamwari is stocked with a 
variety of herbivores such as white and black rhino, elephant, hippo, eland, kudu 
impala, etc. (Table 2-2), as well as predators such as cheetah, lion and wild dog.  
2.2.3 Riverbend Conservancy 
Location 
Riverbend Conservancy is located on the R335 (Figure 2-1) approximately 8 km 
outside of the town of Addo (entrance to the giraffe camp is located at E25O 42’ 
44.59” and S33O 25’ 50.67”). The park abuts the Addo Elephant National Park 
(AENP) and an agreement is in place where the fences have been removed 
between the two parks conditional upon the stocking of indigenous animals only. 
Giraffe are kept within a small 400 ha enclosure (that is not part of the contracted 
park) where this study took place. The site has approximately 12 giraffe and 3 to 5 
calves were born during the study period. 
Rainfall 
Rainfall at Riverbend is approximately 397 mm per year as measured at the Addo 
rainfall station. The general climate of the reserve is similar to that of Shamwari due 
to their close proximity to each other. Rainfall data was available for the period 
1992 to 2007 but temperature has only been recorded at the Addo weather station 
from 2005 to 2007.  
The rainfall data (Figure 2-6) shows a distinct bimodal pattern over the 17 year 
period with peak rainfall experienced during spring. A decrease in rainfall was 
recorded during the early and mid summer followed by the second peak in rainfall 
during late summer and autumn. Temperatures over the 2 year period were mild 
with some sharp drops in temperature recorded during May and June.  
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Geology 
Geologically the site is underlain by the Algoa group with formations from the 
Salnova and Nanaga groups present. The lithology of the site comprises fluvial 
terrace gravel, sand and silt linked to the existing drainage system. Lime is 
generally present over the entire landscape (SA Geoscience 2000).  
Vegetation 
The majority of the area consists of Sundays thicket (Figure 2-7) which is 
distributed from the Nelson Mandela Bay Municipality northwards toward the 
Zuurberg Mountains and from Colchester in the East westward towards the Groot 
Winterhoek Mountains (Mucina & Rutherford 2006). 
 
 
Figure 2-6: Rainfall (histogram) and temperature (line) for the period 2005 to 
2007 at the Addo weather station representing Riverbend.  
These areas are dominated by undulating plains and low mountains and foothills. 
The thicket component is usually tall and dense with trees, succulents and shrubs 
common. The vegetation has a lot of spinescent species and the transition from 
lower to upper canopy is difficult to distinguish because of the high presence of 
lianas (Mucina & Rutherford 2006). 
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Figure 2-7: Riverbend Conservancy vegetation units as described by Mucina 
and Rutherford (2006). The red bordered area indicates the giraffe camp only. 
Sundays Thicket has a conservation status of least threatened and a large 
proportion of the vegetation unit is conserved within statutory reserves such as the 
Addo Elephant National Park, Groendal Wilderness Reserve and others. Much of 
this vegetation unit has been degraded by past agricultural practices (Mucina & 
Rutherford 2006). 
The southern section of the camp is classified as Albany Alluvial Vegetation 
(Mucina & Rutherford 2006) however this area is dominated by secondary Acacia 
thicket consisting mainly of Acacia karroo. 
2.2.4 Monteaux Game Reserve 
Location 
Monteaux Game Reserve (E24° 28’ 27.68” and S33° 25’ 17.95”) is located 10 km 
outside of the town of Steytlerville on a dirt road connecting the R75 with 
Steytlerville, the road is commonly referred to as the Cockscomb Road (Figure 2-1). 
The property covers an area of 4000 ha of transformed thicket and was stocked 
with game in 2000 (Table 2-2). Five giraffe were present at the onset of the study 
and one calf was born during the study period. 
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Rainfall 
Rainfall (Figure 2-8) in the area is between 200 and 300 mm a year (DWAF 1999). 
Rainfall events may result in heavy downpours although the area experiences low 
rainfall year round. A bimodal rainfall pattern can be observed with peaks during 
April and May and August through September. 
Geology 
The underlying geology of the site is the Weltevrede formation. Lithology in the area 
is micaceous siltstone, shale and sub-ordinate sandstone. The soils of the area 
have lime present over the entire landscape (SA Geoscience 2000).  
 
Figure 2-8: Rainfall (histogram) and temperature data (line) for the period 2005 
to 2007 recorded at the Steytlerville weather station representing Monteaux. 
Vegetation 
The southern section of this site is covered by Willowmore Gwarrieveld as 
described by Mucina and Rutherford (2006). This vegetation unit is distributed from 
the Eastern Cape into the Western Cape and runs as a broad band between the 
Droëkloofberge and Groot Swartberg Mountains.  
The landscape is slightly undulating with large flats and low hills. Scattered thicket 
and dwarf succulent shrubland is characteristic of this vegetation unit. The thicket 
has a strong north-south aspect and reaches a medium height with solitary trees 
evident (Mucina & Rutherford 2006). 
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The Groot River runs through the site and the resultant geology changes give rise 
the Southern Karoo Riviere vegetation unit. This unit has a similar distribution as 
Willowmore Gwarrieveld but consists mainly of riverine flats and has a large 
component of Acacia karroo evident on the site. This vegetation type is surrounded 
by Steytlerville Karoo vegetation which consists of karroid shrubland dominated by 
succulent vygies (Mucina & Rutherford 2006). 
Very little of these vegetation types are conserved in statutory reserves and 
conservation is mainly the result of private reserves. None of these vegetation units 
are endangered or threatened (Mucina & Rutherford 2006).  
 
Figure 2-9: Monteaux Game Reserve vegetation units as described by Mucina 
and Rutherford (2006).   
2.2.5 Timbila-Bejane Game Reserve 
Location 
Timbila is located on a secondary road approximately 30 km east of Willowmore 
(E23° 53’ 55.86” and S33° 11’ 17.31”) on the banks of the Groot River (Figure 2-1). 
The site is approximately 2000 ha in size and is stocked with a variety of herbivores 
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(Table 2-2). Three giraffe were present on the site and one calf was born during the 
study period. 
Rainfall 
The site experiences low rainfall (Figure 2-10) and annual precipitation is between 
200 and 300 mm per year. The Willowmore rainfall for the period 1990 - 2007 
shows a bimodal pattern with a small peak in rainfall during late winter and very low 
rainfall following this period from spring to early summer. During summer, the 
rainfall peaks and rapidly goes down from the start of autumn until mid winter.  
Geology 
Geologically, the site is underlain by the Weltevrede formation and lithology on the 
site includes micaceuos siltstone and shale with alluvial deposits present in the 
riverbed (SA Geoscience 2000). The Groot River flows through the site. 
 
Figure 2-10: Rainfall (histogram) and temperature (line) data for the 
Willowmore weather station for the period 1990 to 2007 representing Timbila. 
Vegetation 
The site is situated along the upper reaches of the Groot River – comparable to 
Monteaux. Vegetation along the banks of the Groot River is therefore similar to 
Monteaux and has a large component of Acacia karroo. The Southern Karoo 
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Riviere vegetation unit is surrounded by Groot Thicket to the north and south 
(Mucina & Rutherford 2006). 
Groot thicket is distributed mainly from Willowmore in the west to the Zuurberg 
Mountains in the east. It usually occurs along moderate to steep slopes on the 
ridges of mountain ranges and is a low growing dense vegetation unit. Many of the 
Albany Centre endemics are shared between this vegetation unit and the Kowie, 
Gamka, Gamtoos and Sundays Thicket vegetation units (Mucina & Rutherford 
2006). 
The northern sections of the site generally consist of Groot River Quartzite Fynbos 
(Mucina & Rutherford 2006) which is located higher up the Mountain and out of 
reach of most herbivorous mammals.  
 
Figure 2-11: Monteaux Game Reserve vegetation units as described by 
Mucina and Rutherford (2006). 
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Table 2-2: Indigenous (x) and introduced (X) herbivorous mammal species 
present on each site. Kariega Park (KA), Shamwari (SH), Riverbend (RB), 
Monteaux (MO) and TImbila (TI). 
Mammal KA SH RB MO TI 
Blesbuck (Damaliscus pygargus phillipsi) X X X X X 
Bushbuck (Tragelaphus scriptus) × × × × × 
Duiker – Common (Sylvicapra grimmia) × × × × × 
Eland (Tragelaphus oryx) × × × × × 
Elephant (Loxodonta africana) × ×    
Fallow Deer (Dama dama)  X   X 
Gemsbok (Oryx gazella)  X   × 
Giraffe (Giraffa camelopardalis) X X X X X 
Grey rhebuck (Pelea capreolus)  ×   × 
Impala (Aepyceros melampus) X X X X X 
Klipspringer (Oreotragus oreotragus)     × 
Kudu (Tragelaphus strepsiceros) × × × × × 
Lechwe (Kobus leche) X    X 
Nyala (Tragelaphus angasii) X X X  X 
Red hartebeest (Alcelaphus bucelaphus) × × × × × 
Reedbuck - Common (Redunca arundinum)    X X 
Reedbuck - Mountain (Redunca fulvorufula)     × 
Rhino – Black (Diceros bicornis)  ×    
Rhino – White (Ceratotherium simum) X X    
Springbuck (Antidorcas marsupialis) X × × × × 
Springbuck – Black (Antidorcas marsupialis)     X 
Steenbuck (Raphicerus campestris) × × × × × 
Waterbuck (Kobus ellipsiprymnus) X X X  X 
Wildebeest - Black (Connochaetes gnou) X X X X X 
Wildebeest - Blue  (Connochaetes taurinus) X X   X 
Zebra - Burchell's (Equus burchelli) × × × × × 
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3 Diet 
This chapter presents the diet of giraffe as determined at each of the study sites 
described in Chapter 2.  
3.1 Introduction  
The search for and harvesting of food by one species of animal can lead to either 
physical destruction of habitat, removal of vegetative growth or interference with 
other species that plays a role in shaping ecological processes. This is especially 
true in the case of mega-herbivores as shown by Valeix et al. (2007) for elephants. 
In the case of large herbivores, the removal of vegetation is often the most 
important factor that influences vegetation characteristics although many authors 
have highlighted the impact of trampling and other destructive behaviour (Mysterud 
2006, Landman et al. 2007).  
However, much of these impacts are in some way related to feeding behaviour 
since it is a constant driving force in any organism’s every day activity and trampling 
is related to the search for food items or water in most cases (Valeix et al. 2007). 
Thus in order to make informed management decisions, there is a need to 
understand the animal’s nutritional requirements which dictates much of its 
behaviour (Perrin & Taolo 1999, Chapuis et al. 2001).  
Thus in any study where the effect of an animal is measured on another species, 
community or habitat type, diet provides the baseline information to determine that 
effect. Knowing the diet of a particular species therefore provides the key to 
understanding its biology (Sweetapple & Nugent 1998) and is therefore critical in 
order to understand the impacts of introduced species.  
Ungulates may vary their diet in response to resource availability (Bodmer 1990). 
Such dietary shifts are useful for revealing preferences as dietary items that remain 
preferred or avoided in the face of such shifts provide some confidence in predicting 
how these items may be used under varying resource availability. Consistently 
preferred species can also be identified as species likely to be under specific 
foraging pressure. Such patterns can be particularly useful in predicting the diet and 
the consequence of feeding of introduced herbivores.  
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Savannah vegetation has been documented to “escape” herbivory by growing to 
height thresholds beyond the browser’s ability to feed (Foster 1966). Vegetation in 
the thicket biome of the Eastern Cape generally only reaches heights of between 2 
and 3 meters (Mucina & Rutherford 2006). The ability of giraffe to feed at crowns of 
thicket species infers that vegetation in areas where high densities of giraffe are 
stocked will be unable to escape intense herbivory (Zamora et al. 2001) which may 
lead to local extinctions.  
Bond & Loffell (2001) found that introduced giraffe were responsible for mortality in 
Acacia species in Kwazulu-Natal in South Africa. Tree mortality was recorded as a 
result of the locally novel feeding behaviour displayed by giraffe and local 
extinctions were recorded in high density giraffe areas. Similarly, a new competing 
herbivore species influences indigenous herbivores to change their resource use 
patterns which result in changes in natural patterns and processes, or an altered 
natural environment. 
The effect of mammalian herbivores is, however, not always negative. Fornara & 
Du Toit (2007) found that heavily browsed Acacia nigrescens responded by faster 
re-growth of shoots and leaves leading to a hedged state.  In a separate 
investigation, they also suggested that spinescent trees may prevent shifts in 
species composition under high browsing intensity in African savannas (Fornara & 
Du Toit 2008). 
The measure of diet employed must therefore be suitable to provide relevant data 
pertaining to the ecological problem that requires investigation. Direct observation, 
faecal analysis and stomach content analysis have been widely used in order to 
assess the diet of several kinds of herbivores.  
Stomach content analysis (including the use of fistulation techniques) is impractical 
in most cases where the diet of free ranging wild animals is examined. Animals 
either have to be caught, inducing severe stress which may influence their 
behaviour and diet, for controlled experiments or killed and dissected causing 
economic loss and potential conservation concerns. This is often not possible in 
studies on private land or where low population numbers of perhaps endangered 
species exists (Goddard 1968). However, Henley et al. (2001) concluded it to be the 
most accurate measure of diet composition. 
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The most common methods employed to determine the diet of wild mammals are 
direct observations and faecal analysis. Both these methods are fairly non-invasive 
and each may suit particular situations better than the other. Thus it is at the 
discretion of the observer to determine which method will be the most suitable for a 
particular situation (Goddard 1968).  
Many observers, for various kinds of studies, have employed direct observations 
and Altmann (1974) described methods for observing behaviour in detail. Direct 
observations are considered a non-invasive method (Perrin & Taolo 1999), however 
the degree of invasiveness is dependent on how tame the animals are and the 
observer’s discretion in approach distances (Holecheck et al. 1982). The level of 
disturbance might also be difficult to detect and thus animals might feel disturbed 
(or uncomfortable) and could display displacement behaviour, although it might not 
seem evident to the observer. The distance of observation is also a potential flaw in 
cases where epiphytes or other obscure species may be utilised by focal animals 
but are not visible from the distance at which animals are observed (Holecheck et 
al. 1982). Direct observation is therefore not possible with shy or nocturnal species.  
The diet of giraffe in previous studies have mostly been determined using direct 
observations (Pellew 1981, 1983b, 1984a, 1984b, Du Toit 1990b, Caister et al. 
2003, Parker et al. 2003, Parker & Bernard 2004, 2005, Parker 2005, Theron 2005). 
Using direct observation, giraffe have mostly been found to focus on a low number 
of species which usually makes up the bulk of the diet with several other species 
contributing significantly less. In private reserves in the Free State province of 
South Africa, Theron (2005) found Acacia karroo to be a major food source for 
giraffe. Parker et al. (2003), Parker & Bernard (2004, 2005) and Parker (2005) 
found similar dominance of A. karroo in the Eastern Cape, which was ascribed to 
the preference of giraffe for Acacia spp. observed in previous studies from 
savannah habitats. However, populations observed in savannah habitats show a 
more varied use of Acacia species rather than a specific concentration on one 
particular species, a phenomenon also observed in Namibian populations 
(Fennesey 2003), which is more likely a cause of the habitat and diversity of Acacia 
species available in the environment, or possibly the influence of tannins 
(Furstenburg 1994, Caister et al. 2003). 
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Faecal analysis as a measure of diet became increasingly popular during the 
1980’s (Holecheck & Vavra 1981, Gross et al. 1983) and has been applied to 
several mammals (McLeod et al. 1996, Dorgeloh et al. 1998, Perrin & Taolo 1999, 
Somers 2000, Forsyth et al. 2002, Parker 2005, Landman et al. 2007). It is a non-
invasive method (Dorgeloh et al. 1998) and studies can be performed without 
mutilation, removal from natural habitats or causing major disturbances to studied 
animals, and it has been successfully applied to studies of the diet of secretive 
species (MacLeod et al. 1996).  
However, faecal analysis of diet has been criticised on the basis that the data may 
be biased in cases where animals consume material that leave no trace in the 
faeces due to digestion (Smith & Shandruk 1979, Vavra & Holechek 1980, Parker & 
Bernard 2006). In herbivores that utilise woody browse containing high roughage, 
faecal analysis might be a good measure although there exists the possibility that 
these animals do consume other material that are not identifiable via a reference 
collection. Gross et al. (1983) stated that the error associated with microhistological 
faecal analysis is attributable to the observer rather than the method. Preparation of 
an accurate and comprehensive reference collection is vital and the observer 
should be able to identify plant species and prepare sufficient reference material. 
Faecal analysis was used in this study to determine the diet of giraffe. Due to 
conservation objectives of the sites and the absence of a culling regime, the diet 
study could not employ stomach content analysis as a supplement to faecal 
analysis.  
Aim of this chapter 
This chapter aims to describe the diet of giraffe at the 5 study sites by identifying 
principle dietary items and preferred plant species. It further attempts to determine 
the role of different physiognomic categories and spinescence in giraffe diet from 
the moist east to the arid west. Giraffe were expected to utilise a high diversity of 
plant species within mid rainfall areas and fewer species in areas of high rainfall 
due to the increased availability of preferred plant species. Similarly, the number of 
plant species consumed will be expected to decrease in arid regions due to fewer 
species being available. Differences in dietary items per sample from each of the 
five sites across the moisture gradient are expected although key woody species 
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are expected to remain constant throughout the diet across all sites. It is expected 
that fewer thorny plant species will be utilised by giraffe than non-thorny species. 
The approach undertaken was to describe the diet using microhistological faecal 
analysis and measure forage availability at five sites (described in Chapter 2) along 
an east west moisture gradient.  
3.2 Methods 
The five study sites described in Chapter 2 were used in this study. A summary of 
the characteristics of each site is given in Table 2-1.  
3.2.1 Microhistological Faecal Analysis 
Faecal samples were collected at all five sites over four seasons from June 2002 to 
April 2003. Samples collected were fresh to avoid any confusion with other 
ungulates, and oven dried at 50 °C for 48 hours. Collection was done by locating 
and tracking animals until at least ten samples were collected. In some seasons, 
fewer samples were collected due to time constraints and the lack of clearly 
identifiable giraffe pats in the presence of other herbivores. In Monteaux and 
Timbila, where giraffe populations were 5 individuals and less, fewer samples were 
also collected during some seasons due to the lack of fresh material. 
Thirty-one samples were collected and analysed at Kariega Park, Shamwari and 
Riverbend, 29 samples were collected and analysed at Monteaux and 21 samples 
at Timbila. In total, 143 samples were collected across the rainfall gradient (Figure 
3-1). 
Dried pellets were ground in a coffee mill and a subsample of 5 g was prepared for 
microhistological analysis following Vavra & Holechek (1980). Each subsample of 5 
g was digested in 20 ml of nitric acid (HNO3) for 2 - 3 minutes by boiling water, after 
which 100 ml of water was added and boiled for another 5 minutes. The resultant 
mixture was sieved through a 250 µm test sieve and rinsed with water for 
approximately one minute. The plant matter left in the sieve was then stored in FAA 
(formal acetic alcohol) until microscope analysis was performed. 
Microscope analysis consisted of placing a subsample of the prepared material on a 
gridded microscope slide. The first 100 identifiable fragments were identified per 
sample (Landman et al. 2007). Plant botanical content were identified with the use 
of a plant epidermis reference collection held at the Centre for African Conservation 
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Ecology at the Nelson Mandela Metropolitan University and prepared by several 
authors (Van Teylingen 1992, Sigwela 1999, Koekemoer 2001) working throughout 
the Eastern Cape Subtropical Thicket.  
At sites where plant species were encountered that were not present in the 
reference collection, these plant species were added to the reference collection. 
Species identified in the diet that could not be identified were recorded as 
unidentified taxa.   
Fresh plant material was collected, dried and prepared in the way described for 
faecal material although the exposure and time of heating in HNO3 were reduced 
until the epidermis separated from the leaf. The epidermis was then flattened onto a 
microscope slide and fixed for comparison and photography for inclusion into the 
reference collection (Koekemoer 2001).  
3.2.2 Relative food availability 
Plant availability was recorded at each site at a height above 0.5 m. The height of 
0.5 m was set as the lower limit since giraffe generally feed at heights greater than 
2 m (Cameron & Du Toit 2007). Thus it was assumed that only plants above this 
height will be fed upon in normal circumstances and those consumed below 0.5 m 
will be insignificant in quantity, if at all present.  
Relative food availability was recorded using the point intersect method which is the 
frequency of occurrence of leaves on a 100 m transect. Five transects were 
sampled in areas where giraffe frequently occur at each site and where faecal 
samples were collected. These areas were identified with the help of park rangers 
and based on observations made at each site during faecal collections. A 6 m PVC 
pipe was placed vertically at 3 m intervals along the 100 m transect and the number 
of leaves touching the pole within a giraffe bite was recorded. Woolnough & Du Toit 
(2001) calculated a giraffe bite to be 144 mm into the canopy for Acacia nigrescens 
and 89.5 mm for Boschia albitrunca and  a giraffe bite was therefore defined as 150 
mm for open species (plants that show little divarication) such as Acacia’s and 90 
mm for divaricating species. Plant species, height class of bite and frequency of 
leaves touching the pole was recorded. For plant species that have compound 
leaves, the whole compound structure was considered to be one leaf. Plants were 
considered unavailable if the transect ran through dense bush clumps impenetrable 
to giraffe or within plant architecture outside of the defined bite.  
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3.2.3 Data Analysis 
Giraffe diet composition was quantified in terms of plant species and physiognomic 
categories (woody species, epiphytes, forbs, lianas and succulents). Results are 
reported as mean diet composition per site and mean relative food availability.  
Primer v 5.2.4 was used to plot sample similarities between sites. Raw data, 
consisting of the number of occurrences per sample, was imported into the 
software, square-root transformed to satisfy conditions of normality and a Bray-
Curtis similarity matrix was obtained. This similarity matrix was used to run a MDS 
plot with 1000 restarts (Foggo et al. 2003).  
Species accumulation curves (mean ± 1 S.D.; 50 randomised iterations) per sample 
were produced for each site, as well as for the combined diet over the five sites 
using EstiMateS version 7.5 (Colwell 2005). Sampling effort was considered 
sufficient based on the asymptote of the curve for each site. Other than for Kariega 
Park, the accumulation curves did not reach a steady asymptote and the Incidence-
based Convergence Estimator (ICE, Foggo et al. 2003) was used to determine total 
species richness (Landman et al. 2007). Species richness is therefore estimated 
based on the relative proportions of common, infrequent, and unique species. The 
proportion of missed species in the diet was calculated using the difference 
between the ICE estimator and the observed species. 
Species richness in the diet was modelled against rainfall using the total number of 
plant species identified at each site. Rainfall data was obtained for the period from 
1990 to 2007 from WeatherSA, and DWAF (1999) hydrological data was used for 
sites where weather stations have been operating for less than ten years. Microsoft 
Excel 2007’s solver function was used to model a second order polynomial and test 
for significance of the resultant curve.   
Following Landman et al. (2007) Principal Dietary Items (PDI) was defined as those 
species that contributed more than 2% to the diet. Preference of plant species and 
physiognomic categories were estimated using the Jacobs index (Jacobs 1974) 
with the following equation: 
        D = (u – a).(u + a – 2ua)-1 
Where u is the proportional utilisation of the food item, and a is the proportional 
availability. The value of the index ranges from -1 to +1 and +1 indicates maximum 
preference and -1 maximum avoidance. The limitations of other preference 
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measures in relation to the Jacobs index in terms of bias toward rare food items and 
non-linearity (Jacobs 1974) and the reduction of these errors by the Jacobs index 
(Krebs 1994) resulted in this method being used.  
Differences between the relative availability and utilisation of specific plant species 
and physiognomic categories were further assessed by calculating 95% confidence 
intervals (on arcsine transformed data) for the mean utilisation of each species and 
category (Neu, Byers & Peek, 1974). A species were considered preferred if the 
availability of that plant species were lower than the percentage of use and did not 
overlap the lower limit of the confidence intervals. Species were considered avoided 
if the availability was greater than the percentage of use with no overlap of the 
confidence interval. Plants where the percentage use and availability were between 
the upper and lower confidence interval had no difference in utilisation compared to 
its availability (Landman et al. 2007).  
To satisfy assumptions of normality, data were arcsine transformed (Quinn & 
Keough 2002) and preference and avoidance were considered significant if the 
confidence interval did not overlap the relative availability (Neu, Byers & Peek 1974, 
Landman et al. 2007). Following the arguments of Moran (2003), confidence 
intervals were not adjusted using the sequential Bonferroni correction.  
A Kruskal-Wallis ANOVA on Ranks (Tukey multiple-comparison test) was used to 
test differences in species richness and abundance within faecal samples between 
plant physiognomic categories. 
3.3 Results 
Results for this chapter are summarised into the sampling efficiency, relative food 
availability and diet composition of giraffe populations across the study sites.  
3.3.1 Sampling Efficiency 
The species accumulation curve for Kariega Park (Figure 3-1a) increases steadily 
to 25 species and reaches an asymptote after 26 samples. This is the only species 
accumulation curve that reached an asymptote (Figure 3-1) and Table 3-1 shows 
the estimated species missed (<1), which supports this observation.  
For Shamwari (Figure 3-1b), the curve increases more slowly and although it tapers 
off towards an asymptote, small increases in species numbers can be observed 
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among the last samples. Based on the ICE estimator, 6 species were missed in the 
diet based on the sampling efficiency curves (Table 3-1).  
 
Figure 3-1: Observed species accumulation curves (indicating the standard 
error) per site. (a) Kariega Park, (b) Shamwari, (c) Riverbend, (d) Monteaux, (e) 
Timbila, (f) total over all sites. 
The species accumulation curve for Riverbend (Figure 3-1c) is very similar to that of 
Shamwari, but tends towards a slightly higher asymptote. The species accumulation 
curve for Monteaux (Figure 3-1d) is similar to that of Shamwari and Riverbend, 
although the asymptote is much lower than for those two sites. Timbila’s species 
accumulation curve increases slowly from the start and tends towards the 
(e) (f) 
(a) 
(b) 
(c) 
(d) 
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asymptote (Figure 3-1e) after 13 samples. The pooled data accumulation curve 
across all five sites reaches an asymptote after 143 samples (Figure 3-1f). 
For all sites and the total diet composition across sites, the sampling efficiency 
curves approach an asymptote, indicating that the number of samples per site is 
sufficient to describe the diet composition of each site as well as the total diet 
across the rainfall gradient.  
The estimated number of species missed is lower than 5 for all sites except 
Shamwari and the missed species would contribute low proportions to the diet and 
not contribute to the PDI (Table 3-1). 
Table 3-1: Estimated number of dietary species missed per site based on the 
ICE estimator within EstimateS. 
Site Number of Species Missed 
Kariega Park 0.4 
Shamwari 6.2 
Riverbend 4.9 
Monteaux 1.3 
Timbila 2.6 
Overall 2.6 
3.3.2 Relative food availability  
At all five sites, the area used by giraffe was dominated by woody shrubs (Table 
3-2) as assessed by the availability approach used here. During vegetation 
sampling, several other categories of plants were present and in contact with the 
pole intercept, but were situated outside of the bite range as defined here and 
therefore presumably not available for giraffe to browse. Much of the other growth 
forms were thus locked away within the thicket outside of the giraffe’s range of 
feeding and thus the high presence of woody species in the available food items. A 
total of 28 species were recorded as available in Kariega Park, 41 species in 
Shamwari and Riverbend, 28 species in Monteaux and 21 species in Timbila.  
At Kariega Park, 5 woody species made up 71% of the available browse for giraffe. 
At Shamwari the top 5 species made up 84% of the available browse, 67% at 
Riverbend, 83% at Monteaux and 86% at Timbila, all of which were woody species. 
In total across all 5 sites, the top 5 plant species available to giraffe were woody 
species (i.e. Acacia karroo, Schotia afra, Pappea capensis, Euclea undulata and 
Rhus longispina) and made up a total of 61% of the total available browse. 
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Table 3-2: Percent composition of physiognomic categories of available food 
items at each site. 
 KARIEGA SHAMWARI RIVERBEND MONTEAUX TIMBILA 
Epiphytes 0.68 0.22 0.00 0.55 3.91 
Forbs 0.68 0.44 0.32 0.54 0.56 
Grass 0.00 0.44 0.65 2.20 0.00 
Lianas 2.72 0.22 0.32 0.55 0.56 
Succulents 2.72 1.11 1.94 1.65 2.23 
Woody Shrubs 93.19 97.55 96.75 94.50 92.74 
3.3.3 Diet Composition 
A total of 57 plant species were consumed across all five sites over the four 
seasons. In the highest rainfall site, Kariega Park, a total of 26 plant species were 
recorded in the diet of giraffe. As the rainfall decreases from east to west, the 
number of species consumed increased (Figure 3-2) at Riverbend (40 plant 
species) and Shamwari (39 plant species) and then decreases at Monteaux (30 
plant species) and Timbila (24 plant species), as the average yearly rainfall 
decreases. A summary of the plant species recorded are provided in Table 3-3. 
The second order polynomial (broken line in Figure 3-2) resulting from the rainfall 
data plotted against the number of species consumed (solid line,Figure 3-2) shows 
a statistically significant fit to the data (p = <0.05). Giraffe therefore utilises fewer 
species in more mesic areas where a high number of species is available, thus they 
are able to become more selective, compared to the drier sites where fewer species 
are available to browse forcing a more generalist diet. 
The n-MDS plot indicates clustering in giraffe diet recorded for the five different 
sites. The relatively high stress value of 0.19 suggests that the data representation 
is valid, but that caution should be used in terms of interpretation (Clarke & Gorley 
2001). As would be expected, Timbila and Monteaux (semi-arid sites) are closely 
clustered with some overlapping between the sites. Similarly, Riverbend and 
Shamwari are closely clustered and overlap markedly indicating the similarity of the 
two sites. Kariega Park is situated further away from these two sites although some 
overlapping can be observed, especially along the first axis of the n-MDS plot 
(Figure 3-3).  
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Table 3-3: Mean percentage contribution of plant species in giraffe diet. Percentages 
do not add up to 100 due to rounding of numbers. Bold values represent PDI 
species per site and bold species names represent PDI species across all sites. 
Family Species % Diet 
  KA SH RB MO TI Overall 
Woody Shrubs  N = 31 N = 31 N = 31 N = 29 N = 21 N = 143 
Anacardiaceae Rhus crenata 12.4 13.0 8.4 0.0 0.0 7.4 
Anacardiaceae Rhus longispina 3.7 1.8 1.3 14.9 17.6 7.0 
Anacardiaceae Rhus pterota 0.0 2.2 2.6 0.0 0.0 1.0 
Anacardiaceae Rhus refracta 0.0 0.2 0.0 0.0 0.0 0.0 
Anacardiaceae Rhus sp. 0.0 0.0 0.1 0.0 0.0 0.0 
Anacardiaceae Rhus undulata 1.7 0.0 0.0 0.0 0.0 0.4 
Apocynaceae Carissa haematocarpa 1.1 1.0 0.5 0.8 0.8 0.9 
Asparagaceae Asparagus racemosus 0.0 0.1 0.0 0.0 0.0 0.0 
Asparagaceae Asparagus rubicundus 0.0 0.1 0.2 0.0 0.0 0.1 
Asparagaceae Asparagus striatus 4.1 5.5 8.4 11.3 8.4 7.4 
Asparagaceae Asparagus suaveolens 6.0 6.5 2.4 3.2 2.9 4.3 
Asteraceae Brachylaena ilicifolia 0.0 0.1 0.0 0.0 0.0 0.0 
Bignoniaceae Rhigozum obavatum 0.0 0.0 0.0 1.6 3.0 0.8 
Boraginaceae Ehretia rigida 0.0 2.3 1.1 0.3 1.2 1.0 
Capparaceae Boscia eleoides 0.0 0.0 0.0 0.0 0.0 0.0 
Capparaceae Cadaba aphylla 0.2 0.1 0.1 0.7 0.1 0.2 
Capparaceae Capparis sepiaria 2.5 0.4 0.5 2.7 1.3 1.5 
Celastraceae Gymnosporia capitata 0.0 0.0 0.0 0.0 0.0 0.0 
Celastraceae Gymnosporia polyacantha 0.0 0.1 0.0 0.0 0.0 0.0 
Celastraceae Putterlickia pyracantha 0.8 3.3 0.3 3.7 4.0 2.3 
Ebenaceae Euclea undulata 5.4 11.0 10.9 2.3 9.9 7.9 
Ebenaceae Diospyros lycoides 0.0 0.0 0.0 0.0 0.0 0.0 
Euphorbiaceae Clutia affinis 0.1 0.5 1.1 2.2 0.6 0.9 
Fabaceae Acacia cyclops 2.8 3.6 3.9 0.0 0.4 2.3 
Fabaceae Acacia karroo 7.7 13.0 8.6 10.1 12.7 10.3 
Fabaceae Acacia saligna 0.4 0.75 1.4 0.1 0.1 0.6 
Fabaceae Schotia afra 9.3 12.1 17.9 1.0 4.2 9.4 
Fabaceae Schotia latifolia 22.3 0.0 0.0 0.0 0.0 4.9 
Rhamnaceae Scutia myrtina 0.0 0.0 0.4 0.0 0.0 0.1 
Salvadoraceae Azima tetracantha 10.0 8.0 8.0 2.3 3.7 6.7 
Sapindaceae Pappea capensis 1.1 4.6 3.9 21.4 16.0 8.7 
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Family Species % Diet 
  KA SH RB MO TI Total 
Sapotaceae Sideroxylon inerme 5.4 0.6 1.0 0.0 0.0 1.5 
Tiliaceae Grewia robusta 0.1 1.0 8.3 1.4 0.2 2.4 
unidentifiable Solanum tomentosum 0.0 0.0 0.0 2.9 0.0 0.6 
Lianas        
Cucurbutaceae Kedrostis nana 0.0 0.0 0.1 0.0 0.0 0.0 
Geraniaceae Pelargonium peltatum 0.1 0.4 0.1 0.7 2.1 0.6 
Succulents        
Crassulaceae Crassula tetragona 0.0 0.0 0.2 0.0 0.0 0.0 
Euphorbiaceae Euphorbia ledenii 0.0 0.0 0.1 0.0 0.0 0.0 
Euphorbiaceae Euphorbia sp. 0.0 0.0 0.1 0.0 0.0 0.0 
Cactaceae Opuntia ficus-indica 0.0 0.0 0.2 0.0 0.1 0.0 
Portulacaceae Portulacaria afra 0.2 3.0 1.6 0.0 0.0 1.0 
Zygophyllaceae Zygophyllum morgsana 0.9 0.3 0.0 0.1 0.4 0.3 
Forbs        
Commelinaceae Commelina benghalensis 1.3 1.4 1.8 4.2 6.1 2.7 
Acanthaceae Hypoestis aristata 0.0 0.7 1.8 0.0 0.0 0.6 
Epiphytes        
Viscaceae Viscum rotundifolium 0.4 2.2 2.0 3.7 4.2 2.4 
Unidentified Dicotylodons       
unidentifiable UnID1 0.0 0.0 0.0 6.6 0.0 1.3 
unidentifiable UnID2 0.0 0.0 0.0 0.0 0.0 0.1 
unidentifiable UnID3 0.0 0.3 0.0 0.0 0.0 0.2 
unidentifiable UnID4 0.0 0.2 0.0 0.8 0.0 0.2 
unidentifiable UnID5 0.0 0.0 0.0 0.0 0.0 1.3 
Grasses        
Poaceae Cynodon dactylon 0.0 0.0 0.22 0.2 0.0 0.1 
Poaceae Ehrharta villosa 0.0 0.0 0.00 0.1 0.0 0.0 
Poaceae Eragrostis curvula 0.0 0.0 0.00 0.0 0.0 0.0 
Poaceae Eragrostis obtusa 0.0 0.0 0.00 0.4 0.0 0.1 
unidentifiable Grass 1 0.0 0.0 0.13 0.0 0.0 0.0 
unidentifiable Grass 2 0.0 0.0 0.56 0.0 0.0 0.1 
unidentifiable Grass 3 0.0 0.0 0.03 0.0 0.0 0.0 
TOTAL NUMBER OF SPECIES 26 39 40 30 24 57 
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Figure 3-2: Number of plant species consumed per site plotted against 
average annual rainfall. The solid line represents the recorded data and the 
broken line represents the fitted curve (second order polynomial) for the data. 
In total, the diet of giraffe was dominated by woody species that were eaten in 
significantly higher proportions (90%) compared to the other physiognomic 
categories (p = 0.002). Forbs (3%), epiphytes (2%) and succulents (2%) were 
utilised in higher proportions than grasses (0.4%) and lianas (0.6%, Table 3-4). 
A total of 26 species from 21 Genera and 18 families were identified in the giraffe 
diet at Kariega Park. Twelve plant species were recorded as principle dietary items 
(Figure 3-4) and collectively the 12 species comprised 91% of the diet of giraffe at 
this site. The diet of giraffe at Kariega Park, based on results obtained in this study, 
consisted mostly of woody species (97%). Seven of the PDI species recorded at 
Kariega Park have spines or thorns (comprising 36% of the total diet). The 
proportions of physiognomic categories in giraffe diet are listed in Table 3-4 for each 
site.  
y = 0.38x – 0.0005x2 – 31.3 
p = <0.05 
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Figure 3-3: n-MDS plot of samples per site showing the clustering of giraffe 
diet samples. Samples overlap within climate regions as well as across all the 
sites.  = KA,  = SH,  = RB,  = MO,  = Timbila.  
At Kariega Park Rhus crenata, Azima tetracantha, Acacia karroo, Asparagus 
suaveolens, Euclea undulata, A. striatus, R. longispina and Capparis sepiaria were 
significantly preferred by giraffe. Schotia latifolia was utilised in higher proportions 
than its availability but was not preferred and Acacia cyclops was utilised in lower 
proportions than its availability although not significantly. Schotia afra and 
Sideroxylon inerme were avoided. 
Table 3-4: Percentage of physiognomic categories of plant species utilised in giraffe 
diet. Total values per site do not add up to 100 due to rounding and omission of 
unidentified dicotylodons. 
 KA SH RB MO TI Total 
Epiphytes 0.4 2.2 2.0 3.7 4.2 2.3 
Forbs 1.3 2.1 3.6 4.2 6.1 3.3 
Grasses 0.0 0.1 0.9 0.7 0.0 0.4 
Lianas 0.1 0.4 0.2 0.7 2.1 0.6 
Succulents 1.1 3.3 2.1 0.1 0.5 1.5 
Woody Shrubs 97.1 91.5 91.3 83.0 87.0 90.3 
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Figure 3-4: Frequency of plant species occurrence for the principle dietary 
items at Kariega Park ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non-significant use. 
At Shamwari, 39 species from 29 genera and 26 families were recorded in the 
giraffe diet. Fourteen plant species were recorded as PDI’s (Figure 3-5) which 
constituted 90% of the diet at this site. As with Kariega Park, the diet was 
dominated by woody species (92%) although some succulents were more prevalent 
(3%). Of the fourteen plant species identified as PDI’s, 6 species (31% of the total 
diet at Shamwari) have spines or thorns. 
Azima tetracantha, A. suaveolens, A. striatus, Pappea capensis, A. cyclops, 
Putterlickia pyracantha, Portulacaria afra, Ehretia rigida, Rhus pterota and Viscum 
rotundifolium were significantly preferred with high Jacobs Index values (Figure 
3-5). Rhus crenata, Acacia karroo and Schotia afra were utilised in proportions 
similar to their availability and Euclea undulata was avoided.  
The preferred species at Shamwari are from different physiognomic categories (not 
all woody plant species), E. rigida is a grass, showing that giraffe in the Eastern 
Cape may not be acquiring sufficient nutrition from available browse species. 
Alternatively, the preferred species may be of high quality for giraffe.  
Giraffe at Riverbend ate 37 plant species from 31 genera and 25 families. Eleven 
plant species were found to be PDI which constituted 83% of the total diet (Figure 
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3-6). Diet of giraffe at Riverbend was also dominated by woody species (91%), 
although succulents (2%), epiphytes (2%) and forbs (4%) made up a greater 
proportion of the diet than at Kariega Park. Of the 11 PDI plant species recorded, 5 
species (30% of the total diet at Riverbend) have spines or thorns. 
 
Figure 3-5: Frequency of plant species occurrence for the principle dietary 
items at Shamwari ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non- significant use. 
Giraffe at Riverbend significantly preferred S. afra, A. striatus, P. capensis, A. 
cyclops, R. pterota and A. suaveolens.  E. undulata, A. karroo, Grewia robusta and 
A. tetracantha were utilised in proportion to their availability and R. crenata was 
utilised in proportions significantly less than its availability and were thus avoided by 
giraffe (Figure 3-6).  
At Monteaux, 24 plant species were recorded from 25 genera and 21 families. 
Fourteen species were found to be PDI’s, which constituted a total of 91% of the 
diet (Figure 3-7). In total, 83% of the diet consisted of woody species, 4% consisted 
of epiphytes and 4% consisted of forbs.  All other growth forms contributed less 
than 2% to the total diet. Eight species out of the 14 PDI’s recorded have spines or 
thorns (52% of the total diet at Monteaux).  
R. longispina, A. striatus, Commelina benghalensis, V. rotundifolium, A. 
suaveolens, Solanum tomentosum, C. sepiaria, A. tetracantha, E. undulata and 
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Clutia affinis were significantly preferred. P. pyracantha was utilised in proportion to 
its availability.  P. capensis and A. karroo were avoided. Oranges were placed at 
various locations during the winter season at this site and the high proportion of 
unidentified species is therefore thought to be oranges (Figure 3-7) which was not 
included in the availability and thus appear significantly preferred.  
 
Figure 3-6: Frequency of plant species occurrence for the principle dietary 
items at Riverbend ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non- significant use. 
Timbila giraffe had 24 plant species in the diet, representing 19 genera and 17 
families. Thirteen plant species identified in the giraffe diet were recorded as PDI 
species and constituted a total of 94% of the total diet of giraffe at the site (Figure 
3-8). Woody species made up a total of 87% of the total diet and only forbs (6%) 
and epiphytes (4%) occurred in proportions greater than 2%. 
R. longispina, A. striatus, C. benghalensis, S. afra, P. pyracantha, Rhigozum 
obavatum, A. suaveolens and Pelargonium peltatum were significantly preferred at 
Timbila. P. capensis was significantly avoided and A. Karroo, V. rotundifolium,  A. 
tetracantha and E. undulata were utilised in proportions similar to their availability 
(Figure 3-8).  
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Figure 3-7: Frequency of plant species occurrence for the principle dietary 
items at Monteaux ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non-significant use.  
 
Figure 3-8: Frequency of plant species occurrence for the principle dietary 
items at Timbila ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non- significant use. 
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 In total across all five sites, 57 plant species were utilised from 41 genera and 37 
families. Fifteen plants occurred in quantities greater than 2% of the overall diet and 
constituted principle dietary items. PDI species contributed a total of 41% to the 
total diet of giraffe across all five sites (Figure 3-9). Schotia latifolia, although 
recorded as a PDI overall, only occurred (in the diet and availability) at Kariega Park 
and not across all sites. This species was however consumed in great quantities at 
Kariega Park.  
Seven PDI plant species (41% of the total number of PDI plant species) over all five 
sites had spines or thorns. A total of 38 plant species (22%) of the plant species in 
the giraffe diet across all sites were not recorded in the availability measure and 
should therefore be assumed to be selected for.   
Over all the sites, significantly preferred species were A. striatus, S. latifolia, A. 
suaveolens, C. benghalensis, V. rotundifolium, and A. cyclops (Figure 3-9). A. 
karroo, S. afra, P. capensis, R. crenata, A. tetracantha, and G. robusta were utilised 
in proportion to their availability. E. undulata, R. longispina and P. pyracantha were 
avoided.  
 
Figure 3-9: Frequency of plant species occurrence for the principle dietary 
items across all sites ranked in terms of importance in the diet (shaded bars) 
showing the 95% confidence bars. Black bars indicate availability and Jacobs 
Index values are indicated by the squares for significantly different 
use/availability and triangles for non-significant use. 
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Kariega Park had 8 PDI plant species in common with each Shamwari (72% overlap) 
and Riverbend (68% overlap) and 7 species with Monteaux (47% overlap) and 
Timbila (59% overlap). Shamwari had 10 PDI plant species that were also PDI at 
Riverbend (75% overlap) and 7 with Monteaux (54% overlap) and 8 with Timbila 
(62% overlap).  Riverbend had 6 PDI plant species in common with Monteaux (50% 
overlap) and 7 with Timbila (57% overlap). Monteaux and Timbila shared 10 PDI 
plant species with an overlap of 85% (Table 3-5). 
Table 3-5: Matrix indicating PDI species overlap between sites, numbers in un-
shaded cells indicate the number of species and numbers in shaded cells 
indicates the total percentage overlap of the plant species at those sites. 
 KA SH RB MO TI 
KA  8  8  7            7 
SH 72%  10 7 8 
RB 68% 75%  6 7 
MO 47% 54% 50%  10  
TI 59% 62% 57% 85%  
  
In terms of plant defences (Table 3-6), giraffe consumed large proportions of 
divaricating species in areas with higher rainfall. Associated with this increase in 
utilisation, was a decrease in utilisation of thorny species although plants with 
recurved thorns were utilised in lower proportions than those with straight thorns or 
spines. The highest proportions of utilisation for plants with straight thorns or spines 
were recorded in the two Karoo sites and had similar proportions to divaricating 
species utilised. The proportions of plant species with recurved thorns were utilised 
in similar low proportions across all sites.   
Table 3-6: Proportions of the diet of giraffe expressed in terms of plant 
defences. 
Species % Diet      
 KA SH RB MO TI Total 
Divaricating 57.8 47.0 54.2 26.4 31.5 44.6 
No Physical Defense 6.3 13.0 15.3 14.1 17.0 12.9 
Recurved Thorns 12.6 12.5 11.7 17.3 12.5 11.7 
Straight Thorns/Spikes 23.3 26.9 18.8 34.7 38.9 27.7 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 46 
Jacobs, E.P.                              October 2008 
3.4 Discussion 
The species accumulation curves indicate that the sampling methods were 
sufficient to identify PDI species. The number of species missed is low at all sites 
and these species would be insignificant in terms of this study due to their relative 
unimportance within the diet (Colwell 2005).  
Similar to previous studies, giraffe select their food resources from a limited number 
of species (Hall Martin & Basson 1975, Fennesey 2004) and are inclined to bulk 
feeding due to its size rather than seeking out high quality preferred species (Fritz 
et al. 2002). However, giraffe in the Eastern Cape were found to be less specific in 
preferred plant species compared to previous reports (Parker et al. 2003, Parker & 
Bernard 2004, Parker & Bernard 2005, Parker 2005). This difference may be 
attributed to the differences in sampling techniques (direct observation, compared 
to microhistological faecal analysis used in this study) in which plant species were 
under/over represented, based on time spent feeding. Changes in diet as a result of 
different time frames are unlikely since data collection for previous studies, as well 
as this one were carried out during 2002 and 2003. However, a comparison of 
methods is not possible as they were not conducted as part of the same study. 
Parker & Bernard (2006) did however compare the techniques and concluded that a 
combination of the two methods may provide the most reliable results.  
From these past studies, it was suggested that giraffe in the Eastern Cape will focus 
their feeding on Acacia karroo and as a result of the abundance of this plant 
species, giraffe will not have a significant impact on vegetation in areas where they 
are introduced. A dietary shift will therefore only be needed during the winter 
months when availability is lower, due to the deciduous nature of A. Karoo (Parker 
& Bernard 2005, Parker 2005).   
Linked to the specificity of giraffe in savannah habitats, is most probably the marked 
seasonal change in habitat compared to the evergreen nature of Eastern Cape 
thicket. Parker (2005) also described seasonal shifts in the Eastern Cape in giraffe 
diet that were attributed to the deciduous nature of Acacia karroo – found to be the 
most important dietary item. The data presented here however, shows a general 
avoidance of A. karroo.  
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At all five sites the numbers of plant species making up PDI’s were similar, 
indicating the efficiency of giraffe in terms of their use of particular plant species for 
daily nutritional requirements as observed previously (Pellew 1984a, 1984b). In 
total, across all sites, the numbers of species observed as PDI were noticeably less 
compared to individual sites and the species consumed resembled the available 
species in the environment. 
Parker and Bernard (2005) suggested that giraffe populations in the Eastern Cape 
would focus more on deciduous species should they be more available. They 
concluded that the reliance of giraffe on Acacia species in savannah habitat should 
be reflected in the Eastern Cape. Similarly their results indicate that Acacia karroo 
was overwhelmingly dominant (43% of the diet in total and reaching up to 80% 
during autumn at Shamwari) and that this dominance in the diet of this giraffe 
population shown, was attributed to giraffe’s preference for Acacia species. A 
shortfall in their study is however the lack of plant availability measures in habitats 
where giraffe diet was studied. Thus no comparison was made between the 
proportions of A. karroo in the giraffe diet compared to the available proportions in 
the environment (Parker & Bernard 2005) and thus no conclusions could be made 
about preferred species.  
The differences in the results from this study compared with that of Parker and 
Bernard (2005) and Parker (2005) is therefore most likely a consequence of the 
difference in the technique used.  
In an earlier study, Parker et al. (2003) also recorded diet of giraffe in Shamwari 
Game Reserve where they found a preference for A. karroo by relating the relative 
frequency of food items to the relative availability. They further noted that Acacia 
karroo stands in Shamwari was often the result of past disturbance and suggested 
that the high proportions of this species found in giraffe diet at this site could 
potentially aid in controlling abundance of A. karroo and provide an opportunity for 
thicket species to re-establish.  
Parker’s (2005) results at Kariega Park is perhaps an indication of the flaws within 
direct observations in that plant species are identified from a distance and although 
giraffe appears to be feeding on any one particular species, it might be ingesting 
other food items dispersed in the canopy. Spinescent species have also been 
shown to inhibit feeding by browsers that resulted in longer feeding times with less 
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material ingested (Cooper & Owen-Smith 1986, Osborn 2004), and it has been 
proposed that spine length could be a response to browsing (Zinn et al. 2007). 
Theron (2005) also found giraffe to be heavily dependent on A. karroo in the Free 
State province of South Africa. Methods used were similar to that of Parker et al. 
(2003), Parker and Bernard (2004, 2005) and Parker (2005) and the results were 
similar in terms of the dominance of very few species, significantly A. karroo. Acacia 
species are known to contain tannins (Ward & Young 2002) which are generally 
thought to deter feeding (Cooper & Owen-Smith 1984). However, giraffe have been 
shown to consume a variety of this genus in areas where they occur naturally (Hall-
Martin 1974, Hall-Martin & Basson 1975, Dagg & Foster 1976, Pellew 1981, 1983a, 
1983b, 1984a, 1984b, Du Toit 1990b, Furstenburg & Van Hoven 1994, Caister et al. 
2003, Fennesey 2004), perhaps to reduce tannin content rather than focus on a 
single species. 
Provenza (1996) argued that tannins or toxins would encourage herbivores to vary 
their diet. This argument holds for studies on giraffe diet in savannah habitats but 
negates the behaviour observed by Parker et al. (2003), Parker and Bernard (2004, 
2005), Parker (2005) and Theron (2005) in the Eastern Cape and Free State. The 
data shown here however, correlates with other studies and in fact shows a more 
varied diet in areas where A. karroo was dominant in terms of availability. In all of 
these studies, although correlation is made between giraffe diet in the Free State 
and Eastern Cape based on the Acacia genus, little is mentioned about the fact that 
giraffe typically concentrate on several Acacia species rather than one particular 
species, as found in these studies.   
The number of species consumed by giraffe, in the data presented here, was found 
to be higher in mid-rainfall areas than in low and high rainfall areas. This is 
attributed to higher plant density of high rainfall areas where more plant biomass is 
available to browse. Fritz et al. (2002) showed that megaherbivores constitute a 
greater part of ungulate biomass in high rainfall areas. Thus fewer plant species in a 
more open environment (less plant biomass) are available at sites with a lower 
rainfall and consequently, the number of plant species consumed is lower due to 
the low plant diversity.  As rainfall increases, more biomass is available in the form 
of additional plant species as well as the density of vegetation, and thus the number 
of available plant species to giraffe increases to a point where the abundance of 
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plants (plant biomass) is sufficient to reduce the need for giraffe to diversify. 
Megaherbivores are limited by food quantity rather than food quality and 
competitive effects with megaherbivores will be stronger in areas where nutrient 
status is poor (Frtiz et al. 2002), such as Timbila and Monteaux, where impacts 
would therefore be more severe.  
Typically, vegetation from savannah and woodland areas where giraffe are 
indigenous have a much more open nature and animals are able to roam within 
vegetation clumps compared to the dense nature of thicket which is often 
impenetrable (Mucina & Rutherford 2006). Therefore, within thicket, pressure will be 
placed on the fringes of dense thicket clumps rather than on various plants within 
thicket clumps. Thus the thicket vegetation structure provides a sanctuary for plants 
located within these clumps as can be seen from the availability sampling in which 
plants were observed but not available according to the defined giraffe bite 
parameters. 
The presence of plants with recurved thorns will also provide some protection within 
thicket clumps. However, the high proportions of divaricating plant species and 
plant species with straight thorns in the diet of giraffe shown here indicate that these 
groups may be reduced in biomass, in areas where high densities of giraffe occur, 
which could lead to an increased abundance of plants with defences compared to 
plants with no defence against browsing. A change in community structure such as 
this, and the reduced heights of available vegetation, could reduce the availability of 
browse to indigenous herbivores and increase competition.  
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4 Giraffe impact on vegetation 
This chapter presents the results for feeding effects on selected plants measured at 
two of the study sites. 
4.1 Introduction 
Giraffe have been shown to exert intense feeding pressure on vegetation in areas 
where they are indigenous (Pellew 1984a, Du Toit 1990b) and their combined effect 
with other mega-herbivores and fire are known to be crucial in the shaping of 
natural processes in these areas (Pellew 1983, Birkett 2002).  
Bond and Loffell (2001) have shown that feeding of introduced giraffe in Kwazulu-
Natal resulted in the mortality and local extinction of Acacia species. Giraffe utilise 
their height advantage to reduce competition with other species (Cameron & Du 
Toit 2007) and the evidence is seen in browse lines often observed in areas where 
giraffe have been present for several years (Foster 1966, Birkett 2002). Browse 
lines are an indication that plant species occurring in areas where giraffe are 
indigenous, are capable of escaping intense browsing pressure by reaching heights 
beyond that of giraffe which allows them to make more varied investments in 
reproduction and other functions (Ward & Young 2002). However, the resultant 
effect, observed on savannah plant species, is often a reduced growth rate (Birkett 
2002). A reduced growth rate in thicket, already a stunted vegetation type (Vlok et 
al. 2005), may force the vegetation even lower. 
In the Eastern Cape, similar to Kwazulu-Natal, thicket plants are generally 
incapable of reaching heights beyond the maximum feeding height of giraffe (Vlok 
et al. 2005) and feeding pressures will therefore be distributed across the entire 
exposed surface area of selected plants. This lack of escape opportunities (sensu 
Ward & Young 2002) for tree species, especially in smaller reserves with higher 
numbers of giraffe, could result in similar local extinctions, as observed in Kwazulu-
Natal, within the Eastern Cape where giraffe are introduced (Bond & Loffell 2001). 
Aim of this chapter 
The aim of this study was therefore to measure the effect of giraffe browsing on 
important plant species identified in the diet (Chapter 3) by way of manipulative 
experiments. The hypothesis tested was that leaf and shoot characteristics will 
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differ on trees that are browsed by giraffe compared to trees that have no giraffe 
browsing pressure.   
4.2 Methods 
Focal species identified were Schotia latifolia at Kariega Park and Schotia afra at 
Riverbend, based on the high importance of these species in giraffe diet (Chapter 
3). Ten individuals of each species were identified, and exclosures erected in such 
a way that ~50% of the tree was left open and accessible to giraffe and the 
remaining 50% contained within the exclosures so that giraffe were unable to reach 
the foliage on the enclosed side (Figure 4-1). Wire mesh was placed through the 
middle of the tree canopy and care was taken to minimise damage.  
At Kariega Park, reserve management restricted exclosures to areas where they 
would not be visible to tourists which limited the suitability of terrain and plant 
individuals. No such restrictions were placed on exclosures at Riverbend and trees 
displaying browsing effects were selected in areas frequented by giraffe. 
 
                 
Figure 4-1: Graphic representation of exclosures constructed to protect ~50% 
of trees during the study period. a) Side view and b) top view. 
Each exclosure was constructed using three 6 m poles placed vertically and 
penetrating 0.8 – 1.0 m into the ground.  Wire mesh (2.5 m high) was placed at a 
height of 1.5 m off the ground to allow other herbivores to access the enclosed 
sides, thereby ensuring that only giraffe were excluded from herbivory in order to 
maintain the natural browsing regime by other browsers (Cameron & Du Toit 2007).  
a) b) 
Poles 
Mesh 
Tree 
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The maximum height of 4 m attained by the exclosures was assumed to be the 
maximum height giraffe would be able to reach standing next to the exclosure. Wire 
mesh was placed approximately one meter away from the canopy to allow for 
growth within the exclosures not reaching through the mesh. The wire mesh was 
pulled into the canopy of trees at the centre to prevent giraffe from reaching through 
the canopy from the other side of exclosures. The exclosures were erected in 
September 2002, and foliage measured in February 2005 to allow for 3 seasons of 
growth exposure to giraffe. Initial investigations of shoots before sampling showed 
stripped twigs on open sides and no signs of recent browsing on enclosed sides 
(Figure 4-2). 
 
Figure 4-2: Browsing differences observed on trees between open and enclosed 
sides at Riverbend. The picture on the left shows an open side compared to the 
enclosed side in the right hand picture at the time of sampling. 
Sampling occurred in February of 2005 and ten bites were collected on each side of 
the tree (protected and exposed sides). Bite sizes collected were based on the 
classification of Woolnough and Du Toit (2001) for giraffe bites for closed species. 
Bite sizes collected were up to 80 mm into the canopy. To exclude other browser 
effects, sampling was only done above 2 m – the maximum feeding height of other 
browsers occurring at each of the study sites (Haschick & Kerley 1996).  
From the bites, data was collected for number of leaves per bite, leaf length and 
width for each leaf, number of branches, branch length and diameter for each 
branch and divarication. Divarication was measured as the number of branch orders 
counted per bite (McQueen 2000).  
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The data were averaged for each variable per bite and across bites to obtain a 
single value for each side of a tree in order to avoid pseudo-replication. Statistica 
version 8 was used to run a Wilcoxon match pairs test on each variable measured 
which compared the data for enclosed and open sections of the trees.  
The relative leaf area were determined by multiplying the leaf length and width and 
the ratio of the leaf length divided by leaf width were also determined to test for 
differences in the relationship between the treatments. Similarly the relative branch 
volume was determined by determining the volume of the branches using the 
standard volume calculation for a cylinder (v=pir2h) and the ratio between branch 
length and base diameter were determined. All values are reported as x¯  ± 1 SD. 
Due to the small sample size, Cohen’s d was used to detect practical differences 
between the treatments as a result of effect size which may not show statistical 
differences. Effect size represents the degree of departure from Ho (Schauber & 
Edge 1999) and is a measure of the strength of the relationship between two 
variables and provides the magnitude of observed effects. For this measure of 
effect size, values (of d) that are below 0.2 are insignificant, values between 0.2 and 
0.5 show small differences, values between 0.5 and 0.8 shows moderate 
differences, and values above 0.8 shows large differences (Cohen 1988 on cit.).    
4.3 Results 
Due to restrictions on placement of exclosures at Kariega Park, only 8 structures 
could be constructed, of which 4 remained at the end of the study period. These 
remaining exclosures were later found to be poorly situated for access by giraffe 
and the data for this site were discarded based on the lack of adequate replication 
and the suitability of exclosures.  
All ten exclosures erected at Riverbend were available for sampling at the end of 
the sampling period. Although ten bites were collected, some data were discarded 
based on inadequate bite sizes and rotting of samples due to insects after collection 
and were not included in the analysis. Statistical analyses are summarised in Table 
4-1. 
Leaf length (22.4 mm ± 3.3) and leaf width (16.7 mm ± 2.0, Figure 4-3) were higher 
on the inside of exclosures than on exposed sides (20.3 mm ± 4.1 and 15.4 mm ± 
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2.7 respectively). No significant differences were detected within the 95% 
confidence level, although leaf length and width showed a moderate practical 
significance according to Cohen’s method indicating some notable difference 
between the sides. Although leaf length was not significant, the p-level (0.059) 
tended towards significance. This in conjunction with the d value (0.75) indicates 
some notable differences in leaf length across exposed and open sides. Leaf width 
showed smaller differences with no statistical difference detected (p = 0.24) 
although the practical difference between sides showed a moderately higher leaf 
width on enclosed sides compared to open sides. 
Table 4-1: Significance of differences between open and enclosed sides using 
Wilcoxon's matched pairs test. The effect size is indicated by d (absolute 
values are reported). 
Variables n p-level Cohen's d 
Leaf Length  10 0.059 0.75 
Leaf Width  10 0.24 0.54 
Leaf Area  10 0.059 0.72 
Leaf Ratio  10 0.33 0.34 
Branch Length  10 0.07 0.55 
Branch Diameter  10 0.80 0.31 
Branch Volume  10 0.20 0.39 
Branch Ratio  10 0.29 0.36 
Branch Orders  10 0.14 0.75 
Branches  10 0.059 0.54 
Leaves  10 0.07 0.72 
Leaf area (Figure 4-4) also showed a low p-value (0.059) and a high d value (0.72) 
which results from the greater leaf length and leaf width. Leaf sizes were therefore 
greater on enclosed sides (359.4 mm2 ± 90.7) compared to exposed sides (302.2 
mm2 ± 105.6). The ratio of leaf length compared to leaf width showed little 
differences with no statistical significance (p = 0.33) detected and only a small 
practical difference (d = 0.34).  
Branch length (Figure 4-3) was also higher on the inside (52.5 mm ± 13.5) of 
exclosures although not significantly so (p = 0.07) compared to exposed sides (43.8 
mm ± 15.9). The practical difference was moderate (d = 0.55) indicating a notable 
difference between the sides.  Branch diameter was greater on exposed sides (5.0 
mm) but not statistically significant (p = 0.80) than enclosed sides (4.7 mm). The d-
value (d = 0.31) for branch diameter also only showed a small difference between 
sides. 
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Figure 4-3: Leaf Length (LL), Leaf Width (LW), Branch Length (BL) and Branch 
Diameter (BD) of Schotia afra measured at Riverbend. Dark shaded bars 
represent exposed sides and un-shaded bars represent protected sides.  
 
Figure 4-4: Leaf area and branch volume for open and enclosed sides of 
Schotia afra. Open sides are represented by dark shaded bars and enclosed 
sides by white bars.  
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Branch volume (Figure 4-4) showed similar differences to branch diameter with an 
insignificant p-value (0.20) and a small practical significance (d = 0.39). The branch 
ratio was also similar to branch volume and branch diameter with a relatively high p-
value (0.29) and a small practical difference (d = 0.36).  
The number of branch orders recorded between sides showed no significant 
difference (p = 0.14) and values between treatments were similar (5 ±  2 branch 
orders on exposed sides compared to 4 ± 2 branch orders on protected sides). 
However the practical significance showed a moderate difference between sides (d 
= 0.75).  
Similarly, the number of branches showed little difference and no significance 
(p = 0.06) although exposed sides (8 ± 2 branches) showed a slightly higher 
number compared to protected sides (6 ± 3 branches). The low p-value (0.06), 
although not significant, does indicate some degree of difference between sides 
and the practical significance shows a moderate difference between sides (d = 
0.54).  
A higher number of leaves were recorded on protected sides (32 ± 14 leaves) 
compared to exposed sides (26 ± 14 leaves) although no significance was detected. 
Once again the p-value (0.07), although not significant, was low indicating a 
difference between sides and the practical difference showed a moderate difference 
with a high d-value (0.72). 
Thus in terms of the total variables across trees, there were practically significant 
values in all the variables, indicating a browsing effect on exposed sides although 
no statistical significance was detected.  
4.4 Discussion 
Both the leaf width and leaf length were higher on enclosed sides indicating a larger 
leaf size than observed on the outside of exclosures, which supports the hypothesis 
that giraffe affect the foliage structure of trees. This is attributed to the removal of 
mature leaves during the browse activities of giraffe over time. Plants therefore 
sprout new leaves that are still growing and maturing but which have a smaller 
surface area for exposure to sunlight (sensu Matsuki & and Koike 2006).  
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Continuous removal of leaf matter could therefore result in reduced fitness (Poveda 
et al. 2003) of plant individuals, making them more susceptible to disease or 
environmental damage from other herbivores (mammals and insects). Intense 
browsing can also result in reduced growth rates (Birkett 2002) and significant 
removal of biomass of trees can reduce volume and change the microclimate for 
lower growing plants (Henley 2001, Kerley & Landman 2006).    
The smaller differences between the open and enclosed sides in terms of the 
branches and branch length indicate that giraffe does not remove significant 
amounts of woody material during ingestion of S. afra over the time frame of this 
study. With browsing herbivores, it would be expected to find a higher number of 
branch orders on exposed sides as a result of divarication. McQueen (2000) 
showed this influence of herbivores on plants in Patagonia for shrubs that 
divaricate.  
The reason for the lack of divarication may be attributed to the fact that giraffe tend 
to strip leaves from branches using their tongue (Sauer et al. 1977) rather than 
biting shoots off as is the case with indigenous herbivores (Wilson & Kerley 2003). 
Smaller shoots would thus be ripped off but larger twigs and branches would remain 
relatively intact with offshoots removed leading to an increase in branch length 
rather than a network of smaller twigs clustered at shoot tips. However, the larger 
number of branches present on the outside of exclosures contradicts this statement.  
This notion would be supported if trees with more branch orders had significantly 
shorter branch lengths. Although, the differences in both these variables were small 
and not statistically significant, the practical difference between the sides did show 
a moderate decrease in branch length towards exposed sides. 
Longer study periods with an increased sample size may produce significantly 
higher leaf numbers on protected trees. Reduced leaf and shoot removal by giraffe 
at heights above other browsers should result in longer branch lengths housing 
larger and more leaves (as well as more mature leaves) which may result in higher 
productivity as a result of photosynthesis (Arntz et al. 1998).  
Foster (1966) found that giraffe in Nairobi National Park focussed on certain tree 
species only when new shoots are available. In addition, the data in Chapter 3 
highlight the selective feeding behaviour of giraffe. Therefore a preference for 
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particular tree species could lead to local extinction, especially in smaller areas 
where pressure on the vegetation will be greater due to increasing densities of 
giraffe on a limited area such as the Riverbend giraffe camp. Thus effective 
management is crucial in avoiding long term impacts on smaller reserves.    
Similarly, Bond and Loffell (2001) showed that preferred Acacia’s were severely 
browsed and resulted in the local extinction of these trees in areas of high giraffe 
density. Fleming et al. (2006) have also shown that removal of reproductive organs 
of Acacia nigrescens have detrimental effects on its fecundity.  
However, based on the findings of Fornara & Du Toit (2007), the results discussed 
here may be evidence of a browsing lawn effect as observed on Acacia nigrescens. 
If this is indeed the case, the browsing response of preferred species may result in 
increased shoots and leaves without leading to local extinction of these species. 
However, it is important to note that S. afra is a divaricating tree with no thorns or 
spines compared to A. nigrescens which is spinescent with a more open structure.  
The results shown here provide evidence that giraffe are capable of changing 
vegetation characteristics which can potentially affect preferred plant species 
negatively. If giraffe impact on preferred plant species is negative, the resulting 
impact may be especially damaging in more arid areas where resources are limited, 
resulting in a more limited diet. Areas with high densities of giraffe could cause 
changes to community structure, or local extinctions similar to those observed in 
other areas. Monitoring programmes should be set up at sites to monitor giraffe 
impacts on specific plant species when they are introduced. 
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5 Conclusions 
This chapter provides a summary of the general conclusions leading from the 
preceding chapters. 
5.1 Adaptability of giraffe to new environments 
This study highlights the broad distribution of introduced giraffe in the Eastern 
Cape. The sites studied ranged in rainfall from mesic eastern areas close to the 
coast to drier arid areas of the Karoo. All these sites are characteristic of conditions 
under which giraffe have been studied before within their natural distribution range 
(Dagg & Foster 1976, Pellew 1984, Le Pendu 2000, Parker et al. 2003, Parker & 
Bernard 2004, 2005, Parker 2005, Theron 2005). This emphasise the adaptability of 
giraffe to the environment.  
It is this adaptability that makes this species a potential threat within the Eastern 
Cape, as this species can successfully occupy a range of habitat, bearing in mind 
its size and feeding mechanisms (Sauer et al. 1977, Owen-Smith 1988, Sasaki et 
al. 2001) which are unique and unparalleled in the area. As a result, giraffe have the 
potential to modify vegetation and habitat to which they are introduced, especially in 
areas where the vegetation has adapted without their presence.  
In addition, the potential of giraffe to alter natural vegetation emphasises the need 
for proper monitoring of new and existing introductions to detect changes in the 
environment. SANParks have a policy that only species with proven distributions in 
the areas of interest will be re-introduced into their parks (Bernard & Parker 2006), 
however private introductions are presently poorly regulated, and no programme 
exists that would monitor the effect of introduced herbivores. Based on the results 
of this study, however, there is sufficient evidence that suggests that such 
monitoring programmes should be established as a matter of urgency in order to 
detect changes in vegetation structure as a result of introduced herbivores. Such 
monitoring programmes should be enforced onto private reserves for extralimitel 
introductions and should be incorporated into government policy to regulate new 
introductions. A standardised approach should be developed to ensure compatibility 
of monitoring data collected from different sites.  
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5.2 Diet variation in the Eastern Cape 
The broad range of plant species which are eaten by giraffe necessitates such a 
comprehensive monitoring programme. Giraffe showed dietary shifts in the different 
habitats, which resulted from variation in the availability of food in the environment. 
Although plant species with recurved thorns were expected to be avoided (Cooper 
& Owen-Smith 1986) due to the tongue-stripping action of the species, giraffe 
populations showed preference for some recurved thorn species in the Eastern 
Cape. Over all the sites, Asparagus striatus and A. suaveolens were preferred and 
Capparis sepiaria were preferred at one high rainfall site and one arid site. The 
preference for these species in giraffe diet may well question the notion that the 
thorny nature of thicket could serve as a protective barrier as observed for other 
browsers (sensu Cooper & Owen-Smith 1986, Osborn 2004).  
In addition to these species, several other plant species were found to be preferred 
across the rainfall gradient (Rhus crenata, R. longispina, Putterlickia pyracantha, 
Euclea undulata, Acacia cyclops, A. karroo, Schotia afra, S. latifolia, Azima 
tetracantha, Pappea capensis, Grewia robusta, Commelina benghalensis, Viscum 
rotundifolium). These plant species in particular will be at high risk of giraffe 
browsing, especially in areas where high densities of giraffe are present and low 
numbers of these species are available to browse on.  Therefore, monitoring 
programmes should include these plants as focal species for detection of browse 
impacts. Acacia cyclops is an alien species that may be further distributed when 
seeds are present for giraffe to feed on. This may increase this plant species’ 
success (Ali 2004) at these sites, which in turn may aid in further transformation of 
habitat (Palmer et al. 2004).    
Some plants (C. sepiaria, Pelargonium peltatum, Clutia affinis, Sideroxylon inerme, 
Solanum tomentosum, Portulacaria afra) were preferred only at specific sites which 
are most likely the result of changes in community structure across the landscape 
indicating the potential for giraffe to exploit local endemics in sensitive areas of the 
Eastern Cape.  
5.3 Effects over the moisture gradient 
Giraffe browsing focused on a higher number of plant species in medium rainfall 
areas along the Eastern Cape rainfall gradient. The lower number of species 
available in low rainfall areas, observed in this study, resulted in the giraffe not 
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being able to diversify in terms of their diet which would lead to an increased impact 
on the preferred species occurring at these sites (sensu De Beer et al. 2006). 
However, in high rainfall sites, they are able to be more selective in terms of 
preferred species due to the higher availability of these plants species – in terms of 
number and biomass.   
Preferred plant species will therefore be more severely impacted upon in drier 
regions where giraffe are introduced. From the diet data, giraffe showed a unimodal 
response to the rainfall across the sites and the associated plant availability across 
the moisture gradient. The impact on drier areas will be more severe and could lead 
to tree mortality and further changes in community structure, especially if giraffe 
stocking densities are not well managed on sites that have previously been 
impacted by stock farming. These sites are often characterised by a reduced 
biomass (Kerley et al. 1995), especially in terms of woody species with only more 
established trees present on the landscape forming a pseudo savannah (Lechmere-
Oertel 2003). These remaining plant species will therefore be focussed upon and 
will experience top down feeding as a result of the low nature of thicket, compared 
to the top-up feeding pressures experienced during stock farming.  
Areas such as this will most likely be the most severely impacted upon which will 
reduce the potential for this land (Sigwela et al. 2003), both in terms of eco-tourism 
potential as well as commercial farming (Lechmere-Oertel 2003). 
More mesic areas may suffer a less pronounced impact by giraffe due to the 
availability of preferred food, but also due to the greater density of vegetation. 
Giraffe, being a mega-herbivore, consume larger quantities of low quality food 
rather than spend time searching for high quality food (Fritz et al. 2002). They 
should thus focus on plant species that are more abundant, which in turn may lead 
to reduced abundance of these plants in smaller reserve areas where giraffe 
population numbers are not properly managed.   
5.4 Methods of diet analysis 
The value of the approach used here, in terms of the multiple sites across the 
rainfall gradient, is highlighted by the contrast in dietary trends between Theron 
(2005) in the Freestate province and Parker et al. (2003), Parker and Bernard 
(2004, 2005) and Parker (2005) in the Eastern Cape, and the data presented here. 
These studies focussed on localised populations within similar habitats and did not 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 62 
Jacobs, E.P.                              October 2008 
consider the dietary trends across landscapes. As a consequence, these studies 
did not show the variability and the extent of preferences exhibited by giraffe.  This 
study, by measuring preferences, also disproves the notion that giraffe prefer 
Acacia trees. The importance of this genus in previous studies noted is most likely a 
result of its diversity and availability in study areas where giraffe is indigenous as 
well as the use of direct observations for diet determination.  
This once again illustrates giraffes’ adaptability to dietary resources as shown in 
Chapter 3. The preference for particular plant species is a function of availability of 
that particular species. The availability of preferred plant species will therefore be 
altered if overstocking of giraffe is allowed, and they will be forced into switching 
their diet to more available plant species as initially preferred plant species decline 
in availability or become locally extinct, as found by Bond and Loffell (2001) in 
Kwazulu-Natal. This in turn may result in a new preferred species which will be 
focussed upon and as a result, will be impacted on by the introduced giraffe 
population.  A continuous cycle such as this may be detrimental to habitats into 
which giraffe are introduced, especially if these habitats have other 
extralimitel/exotic herbivores, or even indigenous mega-herbivores able to exploit 
resources that were previously unavailable (Ali 2004). The presence of giraffe in the 
lower growing thicket may also allow giraffe to reach food items that were 
previously out of reach of indigenous browsers. This is similar to elephants, as 
observed in the Serengeti (Pellew 1983b), which also tend to open up vegetation 
making it available to other browsers. Hulbert and Andersen (2001) showed that 
diet shifts can also occur when species feed on the same resources but at different 
heights. This means that dietary shifts of other browsers may be influenced by the 
presence of giraffe, or vice versa, before the resource has even been depleted. 
5.5 Influences on other herbivores 
The consequent result of this dietary shift should not be viewed as giraffe-specific 
but may influence indigenous browsing patterns just by way of their presence 
(Hulbert & Andersen 2001), as well as those of other introduced herbivores, as a 
result of reduced availability of certain plant species (Codron et al. 2006). This 
collective dietary shift of browsers may put further stress on the landscape which 
may end in the loss of ecosystem function as a result of the consequent species 
loss (Naeem et al. 1994). In turn this will result in economic losses in terms of the 
potential income generation to landowners. An example of such a scenario may be 
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reduced carrying capacity for either commercial farming or eco-tourism industries 
which reduces income potential and limits the functioning of the land. Thus 
financially, this land (in isolation) may not be functional enough to allow sustainable 
ventures and will only be useful if rehabilitated as observed for goat impact in the 
Eastern Cape (Lechmere-Oertel 2003). 
5.6 Effects on plant species 
A dietary shift such as this, within a landscape, where browsers are forced into new 
feeding heights, may cause severe changes to plant and vegetation structure 
because of the concentrated feeding of animals in similar height ranges. The effect 
that physiognomy of plant species has on giraffe browsing regimes would also 
require further research to detect whether changes in the physiognomy do indeed 
influence giraffe feeding behaviour. About one third of the diet of giraffe constituted 
plant species with straight thorns or spines. Of these species, several were found to 
be preferred across the sites. A more focussed study on giraffe feeding mechanism 
and plant physiognomy would need to be developed to further explore this 
hypothesis.  
However, the measurement of giraffe impact was found to be more complex than 
initially anticipated and requires large sample sizes. Giraffe at Riverbend 
Conservancy did affect Schotia afra trees in such a way that notable differences 
were observed. However the number of trees that formed part of the experiment, as 
well as the relatively short time period, was not sufficient for reliable statistical 
analysis. Leaf size and branch lengths were shown to have been affected by giraffe 
browsing and the characteristics of bites measured showed changes between the 
sampled tree sides. Bond and Loffell (2001) have shown the effects of giraffe 
through selective feeding on particular tree species. Pellew (1983a) and Foster 
(1966) have also shown that giraffe are capable of severe damage to trees, and 
browse lines recorded by Foster (1966) may be reversed in the Eastern Cape to top 
down impacts rather than bottom up – due to the lack of canopy height in Eastern 
Cape thicket (Mucina & Rutherford 2006) 
These results therefore indicate that further research is required in order to 
determine the effect of giraffe on this tree species, as well as the others noted as 
preferred. A broader range of species in which leaf and shoot characteristics can be 
measured in conjunction with biomass removal and growth rate studies should 
provide sufficient evidence to make a decision on the suitability of giraffe 
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introductions in the Eastern Cape. The results presented here do however suggest 
that giraffe are capable of altering the structure and therefore presumably the vigour 
of Schotia afra, as shown by other studies (e.g. Bond & Loffell 2001). 
Although giraffe do appear to be affecting vegetation structure of thicket species 
such as S. afra, the overall consequences of these changes to vegetation structure 
need to be quantified. Although it is anticipated that changes in the vegetation 
structure may be negative, this hypothesis will require further testing through 
quantitative measures on growth rates of this and other thicket species. Tree 
mortality, fitness and biomass removal should be included in any such 
investigations to show the full effect of giraffe browsing on preferred tree species. 
5.7 Future Research 
An obvious need for further research of giraffe introductions is emphasised by the 
results of this study. This should include research into the population success of 
giraffe in the Eastern Cape, because the results presented here suggest that giraffe 
could be responsible for resource base changes across the landscape and their 
success will lead to continued introductions unless these are regulated. The aim of 
such research should be to determine whether landowners benefit in the longer 
term through healthy functioning populations of both giraffe and other associated 
species, whether these are animal or plant populations.  
A changing rainfall pattern, as a result of changing global weather patterns, will 
influence the forage availability (Thomas et al. 2004) for giraffe populations. Based 
on the data presented, it is hypothesised that under such conditions, giraffe diet will 
become more restricted if rainfall decreases and a shift in vegetation as a result of 
increased rainfall may change the resources available to giraffe. This hypothesis 
will require further testing.  
An aspect not dealt with in this thesis is the effect of giraffe on indigenous thicket 
herbivores occurring in the Eastern Cape. These herbivores have adapted without 
the influence of competition or presence of giraffe (Skead 2007). Giraffes’ presence 
in these areas may influence other browsers directly or indirectly through direct 
feeding competition, competition for space or just through behavioural changes as a 
result of the large size of giraffe individuals in conjunction with their large 
(expansive) herd sizes. Such shifts have been shown between roe deer and hares 
even though hares feed well below the heights utilised by roe deer. This diet shift 
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resulted in the utilisation of lower quality food by hares than in the absence of roe 
deer, which affected body size and mortality of hares (Hulbert & Andersen 2001). A 
similar shift may occur in the Eastern Cape as a result of giraffe, forcing indigenous 
herbivores into sub-optimal feeding patterns. In low rainfall areas, or heavily 
degraded areas that are used for conservation, indigenous herbivores populations 
could be affected adversely. In light of the large home ranges (Du Toit 1990a, Le 
Pendu et al. 2000) and expansive herd sizes (Owen-Smith 1988, Le Pendu et al. 
2000), such a disturbance may be particularly pronounced in small private 
conservation areas where giraffe are capable of traversing the entire site in a small 
space of time, especially considering the height of the vegetation in the Eastern 
Cape.  
The average height in thicket of the Eastern Cape is approximately 3 m (Kerley et 
al. 1995, Mucina & Rutherford 2006). Therefore, within Eastern Cape thicket, few 
species will be able to escape herbivory by growing to heights that are out of reach 
of giraffe and it is therefore predicted that giraffe will have a greater impact in 
landscapes where the vegetation is height limited.  
The high consumption of low growing plant species show that giraffe, in the Eastern 
Cape, regularly feed at heights used by indigenous herbivores (Haschick & Kerley 
1996). From this it is hypothesised that giraffe may be able to displace these 
herbivore species though competition. Alternatively, giraffe may not be able to 
escape competition from smaller browsers (Cameron & Du Toit 2007). From 
observations made during this study, giraffe appear to be flourishing in the Eastern 
Cape and the increase in population numbers at each site is evidence to suggest 
this. The lack of higher strata (as well as the dense nature of the vegetation in 
thicket) for giraffe to feed in therefore suggests that giraffe will have few 
opportunities to escape competition as shown by Cameron and Du Toit (2007). 
However, the outcomes of these competitive interactions are difficult to predict a 
priori and merits further research. 
Furthermore, the past overgrazing effect by goats on commercial farm land that is 
now being incorporated into game farm initiatives (Lechmere-Oertel 2003) provides 
an even more complex problem. Several of these areas are characterised by 
overgrazing and the impacts of goats in transforming thicket have been substantial, 
leading to loss of phytomass, biodiversity, altered microclimate and invasion of non-
palatable species (Moolman & Cowling 1994, Kerley et al. 1995, Kerley et al. 1999, 
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Lechmere-Oertel 2003, Lechmere-Oertel et al. 2005). This is most frequently seen 
in the form of “pseudo-savannah” in which landscapes are characterised by a 
sparse ground layer and scattered umbrella-shaped trees reflecting goat browse 
heights (Kerley et al. 1995, Lechmere-Oertel 2003). These trees will be predicted to 
now suffer the top-down impacts of giraffe leading to a loss of the tree layer.  
Diet and Feeding Effects of Introduced Giraffe in the EC Page 67 
Jacobs, E.P.                              October 2008 
 
6 References 
ALI, R., 2004 – The effect of introduced herbivores on vegetation in the Adaman 
Islands. Current Science 86:1103-1112. 
ALTMANN, J. 1974 – Observational study of behaviour: Sampling methods. 
Behaviour 49:227-267. 
ARNTZ, A.M., DELUCIA, E.H., & JORDAN, N. 1998 – Contribution of 
photosynthetic rate to growth and reproduction in Amaranthus hybridus. 
Oecologia 117:323-330. 
BAXTER, W.J. & GETZ, W.M. 2005 – A model framed evaluation of elephant 
effects on tree and fire dynamics in African Savannas. Ecological Applications 
15:1331-1341. 
BERCOVITCH, F.B., BASHAW, M.J., PENNY, C.G. & RIECHES, R.G. 2004 – 
Maternal investment in captive giraffes. Journal of Mammology 85:428-431. 
BERGMAN, D.L., CHANDLER, M.D. & LOCKLEAR, A. 2002 – The economic 
impact of invasive species to wildlife services’ cooperators. Proceedings of the 
Third National Wildlife Research Center Special Symposium: Human Conflicts 
with Wildlife: Economic Considerations available at URL: 
http://www.aphis.usda.gov/ws/nwrc/symposia/economics/bergmanHR.pdf 
BERNARD, R.T.F & PARKER, D.M. 2006 – The use of archaeological and 
ethnographical information to supplement the historical record of the distribution 
of large mammalian herbivores in South Africa. South African Journal of 
Science 102: 117-119. 
BIRKETT, A. 2002 – The impact of giraffe, rhino and elephant on the habitat of a 
black rhino sanctuary in Kenya. African Journal of Ecology 40:276-282. 
BODMER, R. E. 1990 – Responses of Ungulates to Seasonal Inundations in the 
Amazon Floodplain. Journal of Tropical Ecology 6:191-201. 
BOND, W.J. & LOFFELL, D. 2001 - Introduction of giraffe changes Acacia 
distribution in a South African savanna. African Journal of Ecology 39:286-294. 
BURGMAN, M.A., FERSON, S. & AKÇAKAYA, H.R. 1993 – Risk assessment in 
conservation biology. Chapman & Hall. London. pp 24-38.  
CAISTER, L.E., SHIELDS, W.M. & GOSSER, A. 2003 – Female tannin avoidance: 
A possible explanation for habitat and dietary segregation in giraffes (Giraffa 
camelopardalis peralta) in Niger. African Journal of Ecology 41:201-210. 
CAMERON, E.Z. & DU TOIT, J.T. 2007 – Winning by a neck: Tall giraffes avoid 
competition with shorter browsers. American Naturalist 169:130-135. 
CAMPBELL, K. & DONLAN, C. J. 2005 – Feral goat eradications on islands. 
Conservation Biology 19:1362-1374. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 68 
Jacobs, E.P.                              October 2008 
CASTLEY, J.G., BOSHOFF, A.F. & KERLEY, G.I.H. 2001 – Compromising South 
Africa’s natural biodiversity – Inappropriate herbivore introductions. South 
African Journal of Science 97:344-348.  
CAUGHLEY, G. 1994 – Directions in conservation biology. Journal of Animal 
Ecology 63:215-244. 
CHAPIN III, F.S., ZAVETA, E.S., EVINER, V.T., NAYLOR, R.L., VITOUSEK, P,M., 
REYNOLDS, H.L., HOOPER, D.U., LAVOREL, S., SALA, O.E., HOBBIE, S.E., 
MACK, M.M. & DIAZ, S.  2000 – Consequences of changing biodiversity. 
Nature 405:234-242. 
CHAPUIS, J., BOUSSES, P., PISANU, B. & REALE, D. 2001 – Comparative rumen 
and faecal diet microhistological determinations of European mouflon. Journal 
of Range Management 54:239-242. 
CLARKE, K.R. & GORLEY, R.N. 2001 – PRIMER v5: User manual/tutorial. 
Plymouth, UK: PRIMER-E, 91pp. 
CLAVERO, M., & GARCÍA-BERTHOU, E. 2005 – Invasive species are a leading 
cause of animal extinctions. Trends in Ecology and Evolution 20:110. 
CODRON, J., LEE-THORP, J.A., SPONHEIMER, M., CODRON, D., GRANT, R.C. 
& DE RUITER, D.J. 2006 – Elephant (Loxodonta africana) diets in the Kruger 
National Park, South Africa: Spatial and landscape differences. Journal of 
Mammology 87:27-34. 
COHEN, J. 1988 – Statistical power analysis for the behavioral sciences (2nd ed.). 
Hillsdale, NJ: Lawrence Earlbaum Associates.  
COLWELL, R.K. 2005 – EstimateS: Statistical estimation of species richness and 
shared species from samples. Ver. 7.5. Storrs CT: University of Connecticut. 
Storrs. 
COOPER, S.M. & OWEN-SMITH, N. 1984 – Condensed tannins deter feeding by 
browsing ruminants in a South African savanna. Oecologia 67:142-146. 
COOPER, S.M. & OWEN-SMITH, N. 1986 – Effects of plant spinescence on large 
mammalian herbivores. Oecologia 68:446-455. 
DAGG, A.I. & FOSTER, J.B. 1976 – The giraffe: its biology, behaviour, and ecology. 
New York: Van Nostrand Reinhold. New York. 
DE BEER, Y., KILLIAN, W., VERSFELD, W., & VAN AARDE, R.J. 2006 – 
Elephants and low rainfall alter woody vegetation in Etosha National Park, 
Namibia. Journal of Arid Environments 64:412-421. 
DONLAN, C.J., GREENE, H.W., BERGER, J., BOCK, E., BOCK, H., BURNEY, 
D.A., ESTES, J.A., FOREMAN, D., MARTIN, P.S., ROEMER, G.W., SMITH, 
F.A. & SOULE, M.E. 2005 – Re-wilding North-America. Nature 436: 913-914. 
DORGELOH, W.G., VAN HOVEN, W. & RETHMAN, N.F.G. 1998 – Faecal analysis 
as an indicator of the nutritional status of the diet of roan antelope in South 
Africa. South African Journal of Wildlife Research 28:16-21. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 69 
Jacobs, E.P.                              October 2008 
DU TOIT, J.T. 1990a – Feeding height stratification among African browsing 
ruminants. African Journal of Ecology. 28:63-68. 
DU TOIT, J.T. 1990b – Giraffe feeding on Acacia flowers: predation or pollination? 
African Journal of Ecology 28:63-68. 
DU TOIT, J.T. & YETMAN, 2005 - Effects of body size on the diurnal activity 
budgets of African browsing ruminants. Oecologia 143:317-325. 
DWAF 1999 1:500 000 Port Elizabeth hydrogeological map series, Department of 
Water Affairs and Forestry, 1st edition 1998. 
EARTHSAT 1998 – EarthSat NaturalView Image of Africa. ESRI Data included with 
ArcView 8.3 Software Package. 
EWEL, J., O’DOWD, D.J., BERGELSON, J., DAEHLER, C.C., D’ANTONIO, C.M., 
GOMEZ, L.D., GORDON, D.R., HOBBS, R.J., HOLT, A., HOOPER, K.R., 
HIGHS, C.E., LAHART, M., LEAKEY, R.B., LEE, W.G., LOOPE, L.L., 
LORRENCE, D.H., LOUDA, S.M., LUGO, A.E., MCEVOY, P.B., 
RICHARDSON, D.M. & VITOUSEK, P.M.  1999 – Deliberate introductions of 
species: research needs. BioScience 49:619-630. 
FENNESEY, J.T. 2004 - Ecology of desert-dwelling giraffe Giraffa camelopardalis 
angolensis in Northwestern Namibia. MSc Thesis, University of Sydney. 
FENNESEY, J.T., LEGETT, K.E.A. & SCNEIDER, S. 2003 – Distribution and status 
of the desert-dwelling giraffe (Giraffa camelopardalis angolensis) in 
Northwestern Namibia. African Zoology 38:184-188. 
FLEMING, P.A., HOFMEYR, S.D., NICOLSON, S.W. & DU TOIT, J.T. 2006 – Are 
giraffes flower predators of Acacia nigrescens in the Kruger National Park, 
South Africa? Journal of Tropical Ecology 22:1-7. 
FOGGO, A., ATTRILL, M.J., FROST, M.T. & ROWDEN, A.A. 2003 – Estimating 
marine species richness: an evaluation of six extrapolative techniques. Marine 
Ecology Progress Series 248:15-26. 
FOREMAN, R. T. T. 1995 – Some general principals of landscape and regional 
ecology. Landscape Ecology 10:133-142. 
FORNARA, D.A. & DU TOIT, J.T. 2007 - Browsing lawns? Responses of Acacia 
nigrescens to ungulate browsing in an African savanna. Ecology 88:200-209. 
FORNARA, D.A. & DU TOIT, J.T. 2008 – Community-level interactions between 
ungulate browsers and woody plants in an African savanna dominated by 
palatable-spinescent Acacia trees. Journal of Arid Environments 72:534-545. 
FORSYTH, D.M., COOMES, D.A., NUGENT, G. & HALL, G.M.J. 2002 – Diet and 
diet preferences of introduced ungulates (Order: Artiodactyla) in New Zealand. 
New Zealand Journal of Zoology 29:323-343. 
FOSTER, J.B. 1966 – The giraffe of Nairobi National Park: Home range, sex ratio’s, 
the herd and food. East African Wildlife Journal 4:139-148. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 70 
Jacobs, E.P.                              October 2008 
FRANKHAM, R. & RALLS, K. 1998 – Inbreeding leads to extinction. Nature 
392:441-442. 
FRITZ, H., DUNCAN, P., GORDON, I.J., & ILLIUS, A.W. 2002 – Megaherbivores 
influence trophic guilds structure in African ungulate communities. Oecologia 
131:620-625. 
FURSTENBURG, D. & VAN HOVEN, W. 1994 – Condensed tannin as anti-defoilate 
agent against browsing by giraffe (Giraffa camelopardalis) in the Kruger 
National Park. Comparitive Biochemistry and Physiology 107:425-431.  
GINNETT, T.F. & DEMMENT, M.W. 1997 – Sex differences in giraffe foraging 
behaviour at two spatial scales. Oecologia 110:291-300. 
GINNETT, T.F. & DEMMENT, M.W. 1999 – Sexual segregation by Masai giraffes at 
two spatial scales. African Journal of Ecology 37:93-106. 
GODDARD, J. 1968 – Food preferences of two black rhinoceros populations. East 
African Wildlife Journal 6:1-18. 
GROSS, B.D., MAHGOUB, E. & HOLECHECK, J.L. 1983 – Mastication effects on 
cattle diet determined by microhistological analysis. Journal of Range 
Management 36:475-476. 
HALL-MARTIN, A.J. 1974 – A note on the seasonal utilisation of different vegetation 
types by giraffe. South African Journal of Science 70:122-123. 
HALL-MARTIN, A.J. & BASSON, W.D. 1975 – Seasonal chemical composition of 
the diet of Transvaal Lowveld giraffe. Journal of the South African Wildlife 
Management Association 5:19-21. 
HASCHICK, S.L. & KERLEY, G.I.H. 1996 – Experimentally determined foraging 
heights of bushbuck Tragelaphus scriptus and boergoats Cappra hircus. South 
African Journal of Wildlife Research 26:64-65. 
HENLEY, S.R. 2001 – Habitat suitability and modelling for ungulates in the Thicket 
Biome, Eastern Cape. Ph.D. thesis, University of Port Elizabeth. 
HENLEY, S. SMITH, D.G. & RAATS, J.G. 2001 – Evaluation of 3 techniques for 
determining diet composition. Journal of Range Management 54:582-588. 
HEYWOOD, V.H., MACE, G.M., MAY, R.M. & STUART, S.N. 1994 – Uncertainty in 
extinction rates. Nature 368:105. 
HOLECHECK, J.L. & VAVRA, M. 1981 – The effect of slide and frequency 
observation numbers on the precision of microhistological analysis. Journal of 
Range Management 34:337-338. 
HOLECHECK, J.L., VAVRA, M. & PIEPER, R.D. 1982 – Botanical composition of 
range herbivore diets: A review. Journal of Range Management 35:309-315. 
HULBERT, I.A. & ANDERSEN, R. 2001 – Food competition between a large 
ruminant and a small hindgut fermentor: the case of the roe deer and mountain 
hare. Oecologia 128:499-508. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 71 
Jacobs, E.P.                              October 2008 
IUCN 2000 – IUCN guidelines for the prevention of biodiversity loss caused by alien 
invasive species. Approved by the 51st Meeting of the IUCN Council, Gland 
Switzerland, February 2000. Available electronically from: 
http://www.iucn.org/themes/ssc/publications/policy/invasivesEng.htm  
JACOBS, J. 1974 – Quantitative measurement of food selection. Oecologia 14: 
413-417. 
KAREIVA, P. 1996 – Developing a predictive ecology for non-indigenous species 
and ecological invasions. Ecology 77:1651-1652. 
KERLEY, G.I.H., KNIGHT, M.H. & DE KOCK, M. 1995 – Desertification of 
Subtropical Thicket in the Eastern Cape, South Africa: Are there alternatives? 
Environmental Monitoring and Assessment 37:211-30. 
KERLEY, G.I.H. & LANDMAN, M. 2006 – The impacts of elephants on biodiversity 
in the Eastern Cape Subtropical Thickets. South African Journal of Science 
102:395-402. 
KERLEY, G.I.H., TONGWAY, D. & LUDWIG, J.A. 1999 – Effects of goat and 
elephant browsing on soil resources in Succulent Thicket, Eastern Cape, South 
Africa. People and Rangelands Building the Future. Proceedings of the VIth 
International Rangeland Congress, Townsville, Australia, 1:116-117. 
KOEKEMOER, J.M. 2001 – Dietary and habitat resource use of indigenous kudu 
(Tragelaphus strepsiceros) and introduced impala (Aepyceros melampus) in 
thicket vegetation, Eastern Cape. MSc. Thesis, University of Port Elizabeth.  
KREBBS, C.J. 1994 – Ecology. Addison-Wesley educational publishers. USA 
pp278. 
LANDMAN, M., KERLEY, G.I.H. & SCHOEMAN, D.S. 2007 – The relevance of 
elephant herbivory as a threat to important plants in the Addo Elephant National 
Park, South Africa. Journal of Zoology, London 274:51-58. 
LANGHOLZ, J.A. & KERLEY, G.I.H. 2006 – Combining conservation and 
development on private lands: an assessment of ecotourism based private 
game reserves in the Eastern Cape. Internal Report No 56: Centre for African 
Conservation Ecology, Nelson Mandela Metropolitan University.  
LEAKY, R.E. 1995 – The sixth extinction. 1st Edition Double Day Publishers. New 
York. 
LECHMERE-OERTEL, R.G. 2003 – The effects of goat browsing on ecosystem 
patterns and processes in succulent thicket, South Africa. PhD Thesis. Nelson 
Mandela Metropolitan University. 
LECHMERE-OERTEL, R.G., COWLING, R.M. & KERLEY, G.I.H. – 2005 
Landscape dysfunction and reduced spatial heterogeneity in soil resources and 
fertility in semi-arid succulent thicket, South Africa. Austral Ecology 30:615-624. 
LE PENDU, Y., CIOFOLO, I. & GOSSER, A. 2000 – The social organisation of 
giraffes in Niger. African Journal of Ecology 38:78-85. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 72 
Jacobs, E.P.                              October 2008 
LEUTHOLD, B.M. 1979 – Social organisation and behaviour of giraffe in Tsavo East 
National Park. African Journal of Ecology 17:19-34. 
LODGE, D.M. & SHRADER-FRECHETTE, K. 2003 – Nonindigenous Species: 
Ecological explanation, environmental ethics, and public policy. Conservation 
Biology 17:31-37. 
LOWE, S., BROWNE, M. & BOUDJELAS, S. 2000 – 100 of the world’s worst 
invasive species: A selection from the global invasive species database. In: 
Aliens. ISSG. 
MACLEOD, S.B., KERLEY, G.I.H. & GAYLARD, A. 1996 – Habitat and diet of 
bushbuck Tragelaphus scriptus in the Woody Cape Nature Reserve: 
Observations from faecal analysis. South African Journal of Wildlife Research. 
26:19-25. 
MANN, C.C. 1991 – Extinction: Are ecologists crying wolf? Science 253:736-738. 
MARGULES, C. R. & PRESSEY, R.L. 2000 – Systematic conservation planning. 
Nature 405:243-253. 
MATSUKI, S & KOIKE, T. 2006 – Comparison of leaf life span, photosynthesis and 
defensive traits across seven species of deciduous broad-leafed tree saplings. 
Annals of Botany 97:813-817. 
MCCANN, K.S. 2000 – The Diversity-Stability debate, Nature 405:228-233. 
MCQUEEN, D.R. 2000 – Divaricating shrubs in Patagonia. New Zealand Journal of 
Ecology 24:69-80. 
MILLER, M.F. 1995 – Acacia seed survival, seed germination and seedling growth 
following pod consumption by large herbivores and seed chewing rodents. 
African Journal of Ecology 33:194-210.   
MINITER, F. 1999 – Playing God with Cherry Creek. Outdoor Life 203:48-55. 
MOOLMAN, H.J. & COWLING, R.M. 1994 – The impact of elephant and goat 
grazing on the endemic flora of South African succulent thicket. Biological 
Conservation, 67:53:59. 
MOONEY, H.A. & CLELAND, E.E. 2001 – The evolutionary impact of invasive 
species. Proceedings of the National Academy of Sciences 98:5446-5451. 
MORAN, M.D. 2003 – Arguments for rejecting the sequential Bonferroni in 
ecological studies. Oikos 100:403-405. 
MORAN, M.D., ROONEY, T.P. & HURD, L.E. 1996 – Top-down cascade from a 
bitrophic predator in an old-field community. Ecology 77:2219-2227. 
MOYLE, P.B. & LIGHT, T. 1996 – Fish invasions in California: Do abiotic factors 
determine success? Ecology 77:1666-1670. 
MUCINA, L. & RUTHERFORD, M.C. (EDS) 2006. The Vegetation of South Africa, 
Lesotho and Swaziland. Strelitzia 19. South African National Biodiversity 
Institute, Pretoria. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 73 
Jacobs, E.P.                              October 2008 
MYSTERUD, A. 2006 – The concept of overgrazing and its role in management of 
large herbivores. Wildlife Biology 12:129-141. 
NAEEM, S., THOMPSON, L.J., LAWLER, S.P., LAWTON, J.H. & WOODFIN, R.M. 
1994 – Declining biodiversity can alter performance of ecosystems. Nature 
368:734-737. 
NEU, C.W., BYERS, C.R. & PEEK, J.M. 1974 – A technique for analysis of 
utilization availability data. Journal of Wildlife Management 38:541-545. 
NICHOLS, A.O., VILJOEN, P.C., KNIGHT, M.H. & VAN JAARSVELD, A.S. 1996 – 
Evaluating population size of censused and unmanaged herbivore populations 
from the Kruger National Park, South Africa. Biological Conservation 76:57-67. 
OSBORN, F.V. 2004 – Seasonal variation of feeding patterns and food selection by 
crop-raiding elephants in Zimbabwe. African Journal of Ecology 42:322–327. 
OWEN-SMITH, R.N. 1988 – Megaherbivores: The influence of very large body size 
on ecology. Cambridge University Press. Cambridge. pp 1, 14, 20, 37-38, 104. 
PALMER, A., KAKEMBO, V., LLOYD, W. & AINSLIE, A. 2004 – Degradation 
patterns and trends in the succulent thicket. Proceedings of the Thicket Forum. 
Addo Elephant National Park.  
PARKER, D.M. 2005 – The feeding biology and potential impact of introduced 
giraffe (Giraffa camelopardalis) in the Eastern Cape Province, South Africa. 
MSc. Thesis, Rhodes University. 
PARKER, D.M. & BERNARD, R.T.F. 2006 – A Comparison of two diet analysis 
techniques for a browsing megaherbivore. Journal of Wildlife Management 
70:1477-1480. 
PARKER, D.M. & BERNARD, R.T.F. 2005 – The diet and ecological role of giraffe 
(Giraffa  camelopardalis) introduced to the Eastern Cape, South Africa. Journal 
of Zoology, London 267:203-210. 
PARKER, D.M. & BERNARD, R.T.F. 2004 – The diet of giraffe at Kwandwe Private 
Game Reserve. Ecological Journal 6:36-40. 
PARKER, D.M., BERNARD, R.T.F. & COLVIN, S.A. 2003 – The diet of a small 
group of extralimitel giraffe. African Journal of Ecology 41:245-253. 
PELLEW, R.A. 1981 – The giraffe and its food resource in the Serengeti National 
Park, PhD Thesis, University of London. 
PELLEW, R.A. 1983a – The impacts of elephant, giraffe and fire upon the Acacia 
tortilis woodlands of the Serengeti. African Journal of Ecology 21:41-74. 
PELLEW, R.A. 1983b – The giraffe and its food resource in the Serengeti. II. 
Response of the giraffe population to changes in the food supply. African 
Journal of Ecology 21:269-283. 
PELLEW, R.A. 1984a – Food consumption and energy budgets of the giraffe.  
Journal of Applied Ecology 21:141-159. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 74 
Jacobs, E.P.                              October 2008 
PELLEW, R.A. 1984b – The feeding ecology of a selective browser, the giraffe 
(Giraffa camelopardalis tippelskirchi).  Journal of Zoology, London 202:57-81. 
PERRIN, M.R. & TAOLO, C.L. 1999 – Diet of introduced roan antelope at Weenen 
Nature Reserve, South Africa. South African Journal of Wildlife Research 29:43-
51.  
PETREN, K. & CASE, T.J. 1996 – An experimental demonstration of exploitation 
competition in an ongoing invasion. Ecology 77:117-132. 
PIMENTAL, D., LACH, L., ZUNIGA, R. & MORRISON, D. 2000 – Environmental 
and economic costs of nonindigenous species in the United States. Bioscience 
50:53-64. 
PIMM, S.L., JONES, H.L. & DIAMOND, J. 1998 – On the risk of extinction. 
American Naturalist 132:758-785. 
POVEDA, K., STEFFAN-DEWENTER, I., SCHEU, S. & TSCHARNTKE, T. 2003 – 
Effects of below- and above-ground herbivores on plant growth, flower visitation 
and seed set. Oecologia 135:601-605.   
PRESTON, K. A. 1999 – Can plasticity compensate for architectural constraints on 
reproduction? Patterns of seed production and carbohydrate translocation in 
Perilla frutescens. Journal of Ecology 87:697-712. 
PROVENZA, F.D. 1996 – Acquired aversions as the basis for varied diets of 
ruminants foraging on rangelands. Journal of Animal Science 74:2010-2020. 
QUINN, G.P. & KEOUGH, M.J. 2002 – Experimental design and data analysis for 
biologists. Cambridge: Cambridge University Press. 
REGAN, M.H., LUPIA, R., DRINNAN, A.N. & BURGMAN, M.A. 2001 – The 
currency and tempo of extinction. American Naturalist 157:1-10. 
ROEMER, G.W., DONLAN, C. J. & COURCHAMP, F. 2002 – Golden eagles, feral 
pigs and insular carnivores: How exotic species turn native predators into prey. 
Proceedings of the National Academy of Sciences 99:791-796. 
RUCKSTUHL, K.E. & NEUHAUS, P. 1999 – Sexual segregation in ungulates: A 
new approach. Behaviour 137:361-377. 
SA GEOSCIENCE 2000 – South African 1:50 000 geological map series. South 
African council for geosciences.  
SASAKI, M., ENDO, H., KOGIKU, H., KITAMURA, N., YAMAMOTO, M., ARISIIIMA, 
K. & HAYASIII, Y.  2001 – The structure of the masseter muscle in the Giraffe 
(Giraffa camelopardalis). Anitomia, Histologia, Embryologia 30:313-319. 
SAUER, J.J.C., THERON, G.K. & SKINNER, J.D. 1977. – Food preferences of 
giraffe Giraffa camelopardalis in the arid bushveld of the western Transvaal. 
South African Journal of Wildlife Research 7:53-59.  
SCHAUBER, E.M. & EDGE, W.M. 1999 – Statistical power to detect main and 
interactive effects on the attributes of small-mammal populations. Canadian 
Journal of Zoology 77:68-73. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 75 
Jacobs, E.P.                              October 2008 
SIGWELA, A.M. 1999 – Goats and kudu in subtropical thicket: Dietary competition 
and seed dispersal efficiency. MSc. Thesis, University of Port Elizabeth.  
SKEAD, C.J. 2007 – Historical incidence of the larger land mammals in the broader 
Eastern Cape. Boshoff, A.F., G.I.H. Kerley, & P.H. Lloyd (eds). Port Elizabeth, 
Centre for African Conservation Ecology, Nelson Mandela Metropolitan 
University.  
SIGWELA, A.M., LECHMERE-OERTEL, R.G., KERLEY, G.I.H. & COWLING, R.M. 
2003 – Quantifying the costs of unsustainable domestic herbivory for 
biodiversity and ecosystem functioning in succulent thicket, Eastern Cape, 
South Africa. Proceedings of the VIIth International Rangelands Congress. Eds: 
Allsopp, N., Palmer, A.R., Milton, S.J. Kirkman, K.P., Kerley, G.I.H., Hurt, C.R., 
Brown, C.J. 
SIMS-CASTLEY, R., KERLEY, G.I.H. & GEACH, B. 2004 – A Questionnaire-based 
assessment of the socio-economic significance of ecotourism-based private 
game reserves in the Eastern Cape. Internal Report no 51: Terrestrial Ecology 
Research Unit, University of Port Elizabeth.    
SKINNER, J.D. & CHIMIMBA, C.T. 2006 – Mammals of the Southern African 
Subregion. Cambridge University Press, London. 
SMITH, A.D. & SHANDRUK, L.J. 1979 – Comparison of faecal, rumen and 
utilisation methods for ascertaining pronghorn diets. Journal of Range 
Management 32:275-279. 
SOMERS, M.J. 2000 – Seasonal variation in the diet of cape clawless otters (Aonyx 
capensis) in a marine habitat. African Zoology 35:261-268. 
STERCK, F., MARTINEZ-RAMOS, M., DYER-LEAL, G., RODRIGUEZ-
VELAZQUEZ, J. & POORTER, L. 2003 – The consequences of crown traits for 
the growth and survival of tree saplings in a Mexican lowland forest. Functional 
Ecology 17:194-200. 
SWEETAPPLE, P.J. & NUGENT, G. 1998 – Comparison of two techniques for 
assessing possum (Trichosurus vulpecula) diet from stomach contents. New 
Zealand Journal of Ecology 22:181-188. 
SWIFT, M.J., IZAC, A. M.N. & VAN NOORDWIJK M. 2004 – Biodiversity and 
ecosystem services in agricultural landscapes – are we asking the right 
questions? Agriculture, Ecosystems and Environment 104:113-134. 
THERON, M.E. 2005 – Voedingsgedrag van kameelperde (Giraffa camelopardalis) 
in die sentrale Vrystaat. MSc Thesis. University of the Free State. 
TILMAN, D. 2000 – Causes, consequences and ethics of biodiversity. Nature 
405:208-211. 
TILMAN, D. & DOWNING, J.A. 1994 – Biodiversity and stability in grasslands. 
Nature 367:363-365. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 76 
Jacobs, E.P.                              October 2008 
TOWNS, R. T. 2002 – Korapuki Island as a case study for restorations of insular 
ecosystems in New Zealand. Journal of Biogeography 29:593-607. 
TURNER, M. G. 1989 – Landscape Ecology: The effect of pattern and process. 
Annual Review of Ecology and Systematics 20:171-197. 
VALEIX, M.  FRITZ, E., DUBOIS, S., KANENGONI, K. ALLEAUME, S. & SAÏD, S. 
2007 – Vegetation structure and ungulate abundance over a period of 
increasing elephant abundance in Hwange National Park, Zimbabwe. Journal of 
Tropical Ecology 23:87-93. 
VAN TEYLINGEN, K.E. 1992 – Diet and habitat selection of oribi in the Eastern 
Cape. MSc Thesis. Nelson Mandela Metropolitan University. 
VAUGHAN, T., CZAPLEWSKI, N. & RYAN, J. 1999 – Mammology. Thomson 
Learning. Stamford. 
VAVRA, M. & HOLECHEK, J.L. 1980 – Factors influencing Microhistological 
analysis of herbivore diets. Journal of Range Management 33:371-374. 
VLOK, J.H.J., EUSTON-BROWN, D.I.W., & COWLING, R.M. 2003 – Acock’s valley 
bushveld 50 years on: new perspectives on the delimitation, characterisation 
and origin of subtropical thicket vegetation. South African Journal of Botany 
69:27-51. 
WARD, D. & YOUNG, T.P. 2002 – Effects of large mammalian herbivores and ant 
symbionts on condensed tannins of Acacia drepanolobium in Kenya. Journal of 
Chemical Ecology 28:913-929.  
WILLIAMSON, M. & FITTER, A. 1996 – The varying success of invaders. Ecology 
77:1661-1666. 
WILSON, S.L. & KERLEY, G.I.H., 2003 – Bite diameter selection by thicket 
browsers: the effect of body size and plant morphology on forage intake and 
quality. Forest Ecology and Management 181:51-65.   
WITTENBERG, R. & COCK, M.J.W. (eds.) 2001 – Invasive Alien Species: A Toolkit 
of Best Prevention and Management Practices. CAB International, Wallingford, 
Oxon, UK, xvii - 228. 
WOOLNOUGH, A.P. & DU TOIT, J.T. 2001 – Vertical zonation of browse quality in 
tree canopies exposed to a size-structured guild of African browsing ungulates. 
Oecologia 129:585-590. 
YOUNG, T.P. & ISBELL, L.A. 1991 – Sex differences in giraffe feeding ecology: 
energetic and social constraints. Ethology 87:79-89. 
ZAMORA, R., GOMEZ, J.M., HODAR, J.A., CASTRO, J. & GARCIA, D. 2001 – 
Effect of browsing by ungulates on sapling growth of Scots pine in a 
Mediterranean environment: consequences for forest regeneration. Forest 
Ecology and Management 144:33-42. 
Diet and Feeding Effects of Introduced Giraffe in the EC Page 77 
Jacobs, E.P.                              October 2008 
ZINN, A.D., WARD, D. & KIRKMAN, K. 2007 – Inducible defences in Acacia 
sieberiana in response to giraffe browsing. African Journal of Range Science 
24:123-129. 
